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Environmental Monitoring Plan 

"The Demonstration of an Advanced Cyclone Coal Combustor, with 
Internal Sulfur, Nitrogen, and Ash Control, for the conversion 
of a 23 MMBtu.hr Boiler to Coal" 

DOE Grant No. DE-FC22-87PC79799 

September 22. 1987 

1. Project Summary and Introduction 

'Coal Tech Corp. will test a 30 million BTU per hour (MMBtu/hr) 
coal fired advanced cyclone combustor on an existing boiler 
designed for oil firing with an input heat capacity of about 23 
MMBtu/hr. The project will be conducted at the Keeler Boiler 
Company plant in Williamsport, Pennsylvania. The project will 
be conducted in three distinct phases. Phase I consists pri- 
marily of activities involving design and the acquisition of 
necessary environmental approvals. During Phase II, Coal Tech 
will install standard equipment for handling and feeding 
pulverized coal, a conveyor for ash handling, and for the re- 
moval of particulate matter from the boiler flue gas. After 
installation of this equipment, Coal Tech will perform a 30 
hour shakedown test. During PHase III, long term testing will 
be conducted. This long period testing will be divided into 
two periods of 470 and 400 hours each. The overall test program 
is the combination of shakedown and long term testing for a 
total of 900 hours. Between specific tests there will be data 
analysis and'reporting. Upon completion of the test program,the 
test equipment will be removed from the test site at Keeler and 
a final report will be prepared describing the experience with 
testing the advanced cyclone combustor. 

The boiler size used in the project is at the low thermal rating 
end of the potential market application of the combustor tech- 
nology for retrofit to existing boilers. Therefore, the data to 
be obtained in the project will apply primarily to the perfor- 
mance and durability of the combustor, its auxiliary components, 
the fireside parts of the test boiler, and its environmental 
performance. This data can then be used in subsequent engineering, 
economic, and environmental analyses on the use of this technology 
in its major market applications, which are medium to large 
industrial boilers and utility boilers. Therefore, while the 
project will have an economic component, its primary focus will be 
technical and environmental. 

As part of Phase I requirements the present Environmental Monitoring 
Plan (EMP) was developed from the EMP Outline submitted on March 9, 
1987. The guidance used in preparing both the Outline and the Plan 
is the Synthetic Fuels Corporation Final Environmental Monitoring 
Plan Guide lines included in the Program Opportunity Notice, 
Appendix B - Model Cooperative Agreement, Attachment C - Federal 



Assistance Reporting. 

The major objective of the EMP is to provide a detailed description 
of Coal Tech's environmental compliance and supplemental monitoring 
tasks. This, in turn, would serve to provide operational and 
performance data aimed at ensuring that the demonstration project 
does not violate applicable enviromental standards and is otherwise 
not detrimental to human health or the enviroment. In addition, the 
data base generated during this project should be directly applicable 
to evaluation of environmental controls used to mitigate problems 
related to the technology demonstrated, and also serve in alleviating 
enviromental problems associated with the replication of this tech- 
nology independent of site specific parameters. 

The EMP contains six main sections, viz. Air Emission Monitoring, 
Waste Water Effluent Monitoring, Solid Waste Monitoring, Data 
Management Program, Data Quality Assurance/Quality Control, and 
Appendices. Each of the first three sections listed above, which 
address the media impacted by the project, is further subdivided 
to provide the requisite detailed descriptions of monitoring 
obligations or tasks. Compliance monitoring is that environmental 
and health monitoring required by Federal, State, and local 
regulatory agencies whereas supplemental monitoring is intended to 
provide environmental and health data for unregulated pollutants 
emitted from the demonstration project but not included in the 
permit -related compliance monitoring. Initially, supplemental 
monitoring would serve as a kind of survey or screening to identify 
any substances posing environmental hazards. Should any substances 
of this nature be found, further monitoring would be detailed. 

Owing to the limited environmental impact of this project due to 
testing on an existing facility, small project size, and short 
test duration, as well as the existence of a substantial data base 
related to commercial/industrial coal handling and combustion 
practice, all monitoring tasks described below fall into the area 
of Source Monitoring. In addition, regulations that apply to safe 
working conditions will be maintained. No special monitoring of 
the work force is anticipated, with the exception of assuring test 
facility operation in accordance with standards appropriate to the 
site. The other requirements in the Environmental Monitoring 
Guidelines are not applicable to this project. 

Appendix I provides details on the combustor/packaged boiler 
installation as well as a brief process summary. Appendix II is a 
more detailed overview of the process flow stream characteristics, 
including emission or discharge points, potential non-planned 
release points, monitoring points, and environmental controls on 
the unit. The Volume of Environmental Information, previously 
issued in response to Appendix J of the PON, is also included as 
Appendix III to provide additional information on the project, 
locality, and environmental impacts. 
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2. Air Emission Monitoring: 

2.1 Compliance Monitoring 

Compliance monitoring requirements are specified by the Pennsylvania 
Department of Environmental Resources (PA DER), Bureau of Air Quality 
Control. The required compliance monitoring for the site is found in 
Sections 123.11, 123.22, and 123.41 of the Department's Rules and 
Regulations, wherein the particulate limit is 0.4 lb/MMBtu, the 
SO2 limit is 4 lb/MMBtu, and the opacity limit is 20%. 

Modifications to the facility by the addition of a stack scrubber will 
result in compliance on particulate emissions and opacity whereas 
lime'stone injection for sulfur capture is expected to reduce SO2 below 
the compliance limit. Since one of the technical objectives of this 
project is to establish performance characteristics of the combustor, 
it will be necessary to operate the combustor over a range of para- 
metric test variables, some of which will, for brief periods, fall 
outside the range of acceptable environmental emissions. With the 
exception of these brief test periods, it is planned to operate the 
combustor within environmental standards. 

The operating permit from the PA DER, Bureau of Air Quality Control, 
is included as Appendix IV. 

2.1.1 Monitored Substances 

The following list identifies substances to be compliance monitored. 
Also given, where applicable, are: sampling procedure, monitoring 
site location, frequency of sampling, equipment/analytical method, 
duration of monitoring task, and measurement sensitivity. 

0 so?.: stack gas will be continuously extracted from either 
the stack, at a location of 12 feet from the base,or 
from the fan discharge stack on the roof, After 
filtering and drying, the gas samples are directed 
to a Beckman Model 864 infra red (IR) industrial SO2 
meter. Measurement sensitivity is about 1% of full 
scale or f 10 ppm out of 1000 ppm. This monitoring 
task will continue throughout the project. 

0 Opacity: a Fire-eye Model FE-5 opacity meter is mounted 
in the stack at the 12 ft. location and continuously 
records % of light transmission reduction with an 
accuracy of about + 5% - units. This monitoring 
task will also continue throughout the project. 

0 Smoke Number: a Bacharach smoke number measuring kit is 
planned to be used in assessing total stack solids 
both before and after the scrubber. Measurement 
locations are the same as for SOZ; sensitivity is 
around + 10%. This measurement will be made 
periodically and/or on an "as needed" basis. As a 



cross-check, smoke numbers and opacity should 
correlate. 

2.2 Supplemental Monitoring 

Owing to expected good performance of the combustor/scrubber com- 
bination with regard to the particulate standard only one 
particulate size measurement, with 10 micron size discrimination, 
is planned: ('See ,Appedarx--1.X)'. : : 

This supplemental monitoring would consist of an EPA Method 5 
traverse of the discharge stack with a cup-filter having a 10 micron 
cut-off. This would be performed by a commercial concern special- 
izing in this testing. Sampling should be within 5% of isokinetic. 

2.3 Additional Monitoring 

Besides compliance and supplemental monitoring stack gases to be 
additionally monitored are 02, CO, co2, NOx, and unburnt 
hydrocarbons (HC). These gases will have the same sampling train 
and frequency of measurement as SO2 (described in Section 2.1.1.). 
Analytical instruments employed are Beckman Models 755, 865 IR, 
864 IR, 951A chemiluminacent, and 400 respectively. Stack gas 
temperature will also be continuously measured/recorded by a themocouple 
at the 12 ft. location. All monitoring is expected to continue 
throughout the project. 

3. Waste Water Effluent Monitoring 

3.1 Compliance Monitoring 

Compliance requirements are specified by the Williamsport Sanitary 
Authority, in concurrence with the PA Department of Environmental 
Resources, Bureau of Water Quality Control. It is to be noted that 
due to the temporary nature of the present project, it is more cost 
effective to utilize a single pass water cooling system, than a 
recirculation system. The former results in a considerably higher 
water utilization rate than would be required in a permanent 
commercial installation. As a result, the potential exists for 
higher trace element discharges in the present project. Nevertheless, 
the compliance requirement for the present test effort will be met. 

The necessary permit for water discharge has already been obtained 
from the Williamsport Sanitary Authority with the approval of the 
Bureau of Water Quality Control of PA DER; see Appendix V. 



The following items must be monitored: Total water discharged 
into the sanitary system: total suspended solids in discharged 
water: the heavy metals, cadmium, copper, and selenium 
suspended in the water: the discharge temperature of the water: 
and the PH. The discharge limits are 0.5 lb of Cd/day, 1 lb of 
Culday, 0.1 lb of Se/day, maximum water temperature of 135OF 
and 5 pH 9. 

The project will utilize approximately 18OO'gallons per hour of 
city supplied water for cooling the combustor, for quenching 
and solidifying the molten slag and for operating the venturi 
scrubber. 

The combined waste water stream will be at a temperature of 
about 130°F. Since this water directly contacts coal ash or 
slag solids in the stack scrubber and in the quench tank, some 

'carryover of suspended materials is expected. These materials 
are entirely inorganic. 

Most of the coal ash (about 80 %), as well as any limestone 
added for SOx control, will be rejected from the combustor as 
molten slag which becomes a glassy inert material upon water 
quenching. Experience with slagging combustors indicates that 
over 90 % of the slag will be present as large agglomerates with 
about 10% fines which may be suspended in the quench water. In 
addition, the stack scrubber is expected to contribute another 
10% to the solids loading. Thus, at maximum coal slurry and 
limestone rates, the suspended solids is estimated to be a 
maximum of 33 pounds per hour. When suspended in the 1800~ 
gallons per hour of combines waste water, the suspended solids 
concentration is estimated at 2200 mg/l maximum. During test 
periods when no limestone is injected (which is a frequent 
occurrence) the solids loading is estimated to be about half 
this amount. 

Based on coal trace element analses and the estimated solids 
carryover as noted above, the estimated trace metal carryover 
for an eight hour test day would be 0.04, 0.38 and 0.002 lbs 
per day for selenium, copper and cadmium, respectively. 

The waste water generated will be combined with the Keeler 
Boiler Company's sanitary waste and discharged to the Williamsport 
Sanitary Authority Central Treatment Plant. 

The Central Treatment Plant is a secondary treatment level plant 
which utilizes an activated sludge process. The facility is 
rated for a maximum flow of 10.5 million gallons per day (MGD). 
The daily average flow is typically about 6 to 8 MGD or about 
250,000 to 333,000 gallons per hour. Influent and effluent 
metal monitoring data provided by the Authority show that the 
following concentrations are present in the influent: 
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Cadmium 0.006 mg/l 
Copper 0.143 mg/l 
Nickel 0.011 mg/l 
Zinc 0.138 mg/l 

Based on corresponding effluent data points, the average 
removals through the treatment system range from 30 % for Cadmium 
to 80 % for Copper. 

In comparison, the trace metals discharged by the project (and 
when diluted by the total treatment plant flow) will result 
in an increase of 0.0007 mg/l for selenium, 0.0006 mg/l for 
copper and 0.00003 mg/l for cadmium. These increases are not 
expected to have any measurable effects on treatment plant 

'performance. 

Increases in temperature and suspended solids are expected to 
be no greater than 0.5 F and 33 mg/l, respectively, when fully 
diluted by the total influent flow. These increases are also 
not expected to result in any effects on treatment plant perform- 
ance. However a surcharge of $0.14 per pound of suspended 
solids exceeding 200 mg/l will be charged to Keeler Boiler. 

3.1.1 Monitored Substances 

The following list identifies substances to be compliance 
monitored. Also given are: sampling procedure, monitoring 
site location, frequency of sampling, equipment/anaytical 
method, sensitivity and duration of monitoring task where 
appropriate. 

a Total volume of water discharged into the 
sanitary sewer system will be measured in 
gallons by a standard water meter located 
in the feed line to all water circuits. 

0 Total suspended solids in discharged water 
will be measured by periodic collection of 
samples from the slag quench tank and scrubber 
discharge lines (see Appendix II) as directed 
by the Williamsport Sanitary Authority (see 
Appendix V). It is assumed at present that 
solid samples will be collected by periodic 
batch sampling into clean containers. 
Depending on solids loading this may be a 
daily practice until or unless suspended solids 
are found to be systematically within a narrow 
range and/or are relatively low. Actual solids 
collected will be determined gravimetricallp on 
a daily basis. This monitoring task will 
likely continue throughout the project. 
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' The heavy metals cadmium, copper, and selenium 
will be determined from samples obtained under 
the total suspended solids protocol outlined above. 
Samples will be sent to a commercial chemical 
testing lab and analyzed for cadmium, copper and 
selenium by standard tests, viz. ASTM D3683. If, 
as expected, trace heavy metal levels are found 
to be well below compliance standards and/or to 
be a nearly constant mass fraction of the total 
suspended solids for a given coal, then direct 
heavy metals compliance monitoring, as described 
above, may be discontinued with Authority approval. 

' Water discharge temperatures from the slag quench 
tank and scrubber discharge lines will be measured 
by immersion stem type, bi-metallic dial thermom- 
eters and recorded manually about every hour. This 
monitoring task will continue throughout the 
project. 

' Water pH measurements will be made at the slag 
quench tank and scrubber discharge lines by using 
the Fisher Alkacid Full Range PH kit. These 
readings will be manually taken about every hour 
until or unless the PH is found to be systematically 
within a narrow range and operating conditions are 
nearly invariant. In additi~on, spot checking of PH 
by the commercial lab will also be requested. 

3.2 Supplemental Monitoring 

In addition to the compliance monitoring for cadmium, copper, 
and selenium initial samples will also be supplementally 
monitored for other trace heavy metals as shown in Appendix VI 
as well as carbon, nitrogen, and sulfur. All procedures are 
as for compliance monitoring with commercial lab analysis. 

4. Solid Waste Monitoring 

4.1 Compliance Monitoring 

Compliance monitoring requirements are specified by the Resource 
Conservation and Recovery Act, and administrated by the PA 
Department of Environmental Resources, Bureau of Solid Waste 
Management. The pertinent substances that fall under this act 
are the leaching potential of heavy metals and cyanide in the 
slag, and the cyanide and sulfide reactivity to form gas phase 
sulfide and cyanide compounds. The evaluation of compliance 
is determined by preparing a Module 1 document in which the 
characteristics of the solid waste product are documented, 



using laboratory test results as a basis. A sample copy of a 
Module 1 form plus instructions are given in Appendix VII. 

Since the Coal Tech Combustor is a prototype unit, no slag/ 
ash solid waste samples are presently available for reactivity 
and toxicity testing. Consequently, the samples must be 
generated during Phase II shakedown operation. However, as 
shown in Appendix VIII, the Bureau of Solid Waste Management 
has been notified about this situation and the disposal permit 
application process has been initiated. 

The limits related to solid waste are: hydrogen sulfide and 
hydrogen cyanide gas releases (500 and <250 mg/kg, respec- 
.tively, during reactivity testing. Various heavy metal 
limits for the EP Toxicity (or leaching) Test are found in 
Appendix VI. 

Operation of the combustor at a nominal 23 MMBtu/hr will result 
in the generation of about 200 to 400 lb/hr of molten slag. The 
slag will be quenched and thus solidified into a glassy 
agglomerate which consists of the coal ash and reacted and un- 
reacted limestone. All tests and analytical procedures are 
performed on slag samples taken at periodic intervals from the 
combustor site and analysed by commercial laboratories. It 
should be emphasised that all slag generated will be collected 
and s,tored on site in 20 ton (nominally) dumpsters. Prior to 
consignment to an appropriate landfill several representative 
samples will be submitted for reactivity and toxicity testing. 
This practice can be modified with regard to frequency and 
number of samples as required by the PA DER, Bureau of Solid 
Waste Management. Some level.of monitoring will be implemented 
throughout the project. 

In this vein, toxicity tests have been performed by Coal Tech on 
slag samples taken from cyclone combustor tests at the Argonne 
National Laboratory. This slag is believed to be more reactive 
than the one that will be produced at the Williamsport site 
because the former is air quenched while the latter is water 
quenched. Nevertheless, the test results showed that no 
significant leaching of the heavy metals from the slag into the 
liquid leachate occurred. This will have to be corroborated with 
slags from the Williamsport site. However, reactivity tests Of 
slag from the Argonne combustor yielded unsatisfactory results 
and no conclusion on this matter can be drawn until the slag from 
the Williamsport facility is available for analysis. See 
Appendix II for further details. 

4.1.1 Monitored Substances 

The following list identifies substances in or potentially in the 
slag to be compliance monitored. 
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0 hydrigen sulfide and hydrogen cyanide gas evolution 
as per characteristic of reactivity CFR [261.23 (a) 
( 51')l ; methods as per EPA-SW-846, second edition, 
Section No. 2.1.3; see Appendix IX. 

0 heavy metals in leachate as per EP Toxicity Test 
Procedures, EPA-SW-846, Section 2.1.4, Method 1310 
(see Appendix X ). Individual metal analysis methods 
as per EPA-SW-846 and/or as per Appendix VII 
instructions. 

0 dissolved cyanide in leachate as per E'P Toxicity Test 
Procedures (already referenced as Appendix X) with 
cyanide analyzed by method 9010 (see Appendix XI) as 
per EPA-SW-846. 

4.2 Supplemental Monitoring 

As part of the additional monitoring aimed at technical evaluation, 
described below,slag samples will be analyzed for carbon, nitrogen, 
and sulfur. 

4.3 Additional Monitoring 

This monitoring includes specification of the slag chemical 
composition by standard ASTM Methods on a periodic basis. This 
monitoring is expected to be of technical interest only and not 
have any impact on environmental/health issues. Specific chemical 
compounds will include: silicon dioxide, aluminum oxide, 
calcium oxide, iron oxide, potassium and sodium oxides, tin 
oxide, magnesium oxide, and total sulfur. 

5. Data Quality Assurance/Quality Control 

In order to insure technical validity of the environmental 
monitoring data obtained during this project the various methods 
of sampling, analysis and standards/calibration have been 
evaluated. 

Outside of gas species and opacity~ /smoke number measurements, 
which relate to air monitoring, and several of the water 
measurements such as flow and temperature, all of the chemical 
analytical data for water and solid waste characterisation will 
be provided by commercial testing laboratories. Besides 
adhering to specific ASTM or EPA procedures, as noted earlier, 
these labs follow prescribed methods for sample preparation and 
blank or standards verification as illustrated in Appendix XII. 

As for "in house" air quality measurements,the various analytical 
instruments are zeroed and calibrated with certified gases prior 
to and during the test. Integrity of the sampling lines is 
ensured by periodic back-purging and separate-system oxygen 



measurements to detect any leakage. The opacity meter is zeroed 
on clean, natural gas firing. Since the meter also provides a 
smoke number equivalent of opacity, the accuracy of the manual 
Bacharach method can be evaluated by cross-comparison. Other flow, 
weight, pressure, and temperature measurements will be made by 
standard industrial or scientific equipment. 

6. Data Management Program 

Almost all air and water quality compliance and supplemental 
monitoring data will be manually recorded on data sheets about 
once every hour during actual combustor operation. Stack gas 
concentration measurements, including S02, will be recorded 
essentially continuously, i.e. every 5-10 minutes, and stored in 
an automatic data logger. Opacity and stack gas temperature are 
recorded continuously on charts. Two exceptions are stack 
particulates, which willbe determined on an "as needed" basis in 
consultation with the PA DER, Bureau of Air Quality: and total 
suspended solids as well as heavy metals in the discharged water, 
which will be collected periodically and sent to a commercial lab 
for analysis at a frequency to be determined in consultation with 
the Williamsport Sanitary Authority. 

Acquisition of monitoring data on solid waste, viz. slag, will, of 
necessity, be an intermittant activity since sufficient material, 
representative of the bulk of the operation, must be accumulated 
prior to submission to a commercial lab for compliance testing. 
Based on the characterization of slag samples to be obtained 
during Phase II shakedown operation, it will then be possible to 
formulate a monitoring schedule in concert with the PA DER, Bureau 
of Solid Waste Management. It should be noted, however, that all 
solid waste will be collected and stored at the combustor test 
site until it has been properly characterized for appropriate 
disposal. 

All data sheets containing any monitoring data will be duplicated 
and stored in a permanent file along with data logger printouts 
or discs containing stack gas data. Also to be included in this 
permanent file are any reports or analyses from commercial labs 
regarding compliance testing. 

It should be noted that some of the air and solid waste data, 
which will to a large extent depend on parametric operation of 
the Coal Tech Combustor, will occasionally be in non-compliance 
due to baseline operation, i.e. the effects of the various 
environmental controls can only be evaluated in reference to 
convential "un-controlled" operation. These baseline, possibly 
non-compliance, data will be recorded. 

Besides baseline operation and data with environmental controls, 
e.g. staging, limeston injection, any data obtained during 
"upset" conditions, e.g. failure of a component, loss of air or 
water flow, will be recorded. Since "upset" conditions will almost 
certainly automatically secure the fuel and thereby shut down the 
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operation, little if any quantitative data of environmental 
import is expected. However, these "upsets", to the extent they 
bear on safe operation and technology replication, could be useful 
in providing practical operational guidance and as such would be 
reported. 

Compliance reporting will be made to the Williamsport Sanitary 
Authority for water and to the PA DER, Bureau of Air Quality 
Control and Solid Waste Management. Exact reporting protocal 
and frequency have not yet been determined, however, copies of 
all compliance reports during the prior quarter will be appended 
to the Quarterly Reports to DOE, These reports will also include 
any change of compliance status including terms of the permit or 
violation notices. As with the Quarterly Reports, the Annual 
Repo,rt will conform with the guidelines given in the Federal 
Register, Vol. 48, No. 199, Oct. 13, 1983, P. 46684. 
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APPENDIX “1” 

DESCRIPTION OF THE COMBUSTOR/BOILER INSTALLATION AND PROCESS SUMMARY 

Figure AI.1 is a schematic diagram of the air cooled cyclone combustor. 

Figure AI.2 is an engineering drawing {with some details deleted) of the side 

and end view of the combustor installed on the 23 MMBTU/hr Keeler boiler. The 

figure also shows a plot plan of the combustor installation in the boiler 

house. Figure AI.3 is e layout of the buldinga and grounds. Enclosed at the end 

of this Appendix is 8 Keeler/Dorr-Oliver commercial bulletin which describes on 

page four the DS-17.5 boiler being used. To-date the unit has been installed 

aid, operated for over 40 hours on coal water slurry fuel and pilot gas fuel. 

Pulverized coal and combustion air are injected in the cyclone combustor 

at up to 21 MMBTU/hr thermal input. The combustor operates fuel rich for SO2 

and NOx control, and final {tertiary) combustion air is injected directly 

into the boiler. In addition, various quantities of limestone are injected into 

the combustor for SO2 control. 

Coal slag and spent limestone sorbent are liquified in the combustor. Most 

(80-90X) of the slag mixture is drained into a water quenched tank for 

subsequent disposal at a landfill. It is anticipated that up to 100 hours of 

operation will be required before sufficient solid waste is generated for 

removal to the landfill. Samples from the slag will be subjected to analysis 

to determine compliance with solid waste disposal regulations. The balance of 

the slag/spent sorbent particles will be conveyed through the boiler to the 

stack, where they will pass through a venturi type wet scrubber which will 

remove sufficient particles to meet particulate emission regulations. The stack 

gas will also be sampled on a regular basis for compliance with air emissions 

regulations. 

Various parts of the combustor are water cooled. This cooling water, as 

well as the slag quench water, and the water from the venturi scrubber will be 

discharged in the sanitary drains at the test site. The water discharge will be 

tested periodically for compliance with the thermal, suspended solids, and 

heavy metal trace elements standards and regulations of the Sanitary Authority. 
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Engineers and purchasers experi- 
enced in boiler design recognize the 
importance of obtaining a reliable 
unit that is highfv efficient and 
requires a minimum of maintenance. 
To meet this need, Keeler/Dorr-Oliver, 
one of the leaders in the design and 
fabrication of Industrial. commercial 
and institutional water tube boilers, 
has available a package boiler with 
the most advanced design double 
casing. This double casing design 
was developed to prolong casing 
life when firing high-sulfur-content 
fuel oil in a pressurized furnace. 

The K/D-O “DS” unit is designed 
with a 10 gauge steel, seal-welded 
inner casing to minimize casing 
corrosion. The inner casing is 
maintained near boiler-saturated 
steam temperature by placing it 
behind and against tangent outer 
wall tubes, thereby maintaining the 
metal temperature above the dew 
point of the combustion gases. This 
eliminates condensation of the 
combustion gases and resultant 
attack due to the formation of 
sulphuric acid. Three inches of 
1000°F. mineral wool blanket 
insulation is placed over this inner 
casing and 12 gauge steel outer 
‘casing is then installed over the 
insulotion. 

If you are considering the 
purchase of a package boiler and 
are concerned about casing 
corrosion, you cannot afford to 
overlook the many advantages that 
the K/D-O “DS” construction has to 
offer. The K/D-O “DS” casing is not 

welded to the tubes in any wav, 
resulting in ease of inspection, 
maintenance and repair. The design 
eliminates the necessity of removing 
the outer casing and insulation to 
locate or repair a gas leak at the 
seal weld of the inner casing. The 
convenient rugged double casing 
panels can be removed if necessary 
and reused. The design provides for 
expansion and contraction of the 
inner and outer casing without over- 
heating, cracking or warping. 
Casings are factory-tested at 15 
inches water gauge. Weather-tight 
design is available for outdoor 
installation. K/D-O does not weld 
tubes to each other or use widely 
spaced tubes with steel bars or fins 
welded together, providing ease of 
inspection, repair and maintenance. 
Boiler downtime will be held to a 
minimum with the K/D-O “DS” unit. 
The design is rugged and 
economical. 

The “DS” unit is a completely 
packaged steam generator 
requiring only field service 
connections of fuel, water, steam 
and electricity. A flat concrete slab 
foundation and a short vent stock 
minimize field-installation costs. 

Look over the available casing 
designs - compare - and you will 
agree that the K/D-O type “DS” 
design is best. We will provide the 
location of a K/D-O “DS” package 
boiler installation for you to,visit and 
observe a unit in operation. We 
would like to add your name to our 
long list of satisfied customers. 



Oufsfanding kafures 
of OS Casing Design Include: 
0 10 gauge inner and 12 gau e 

outer steel casing with 3 inc 8 es of 
ICKPF. Mineral Wool Blanket 
Insulation. 

0 10 gauge inner casing maintained 
near steam temperature by 2-inch 
tangent tubes to eliminate 
coms~on. 

n Outer casing and insulation need 
not be disturbed to locate and 
reparr leak at seal weld of inner 
casing. 

0 Double casing fXnelS can be 
removed and reused. 

CJ Air test can be applied ta inner 
casing to prove tightness without 
disturbing outer Casing or 
insulation. 

0 B-inch water gauge shop air test 
proves COSing tightness prior to 
shipment. 

R Inner or outer casing is not 
attached to tubes in any manner. 

U Simplified - most local shops can 
remove and install casing panels. 

0 Heavy inner and outer flanged 
cadng plus channel reinforcing 
makes DS Casing the mOSt NgQed 
deJiQn available. 

0 DS casing design provides easy 
access to boiler tubes. 

0 DS desi n assures longer casing life 
J with r uced maintenance. 

ci E&tf” casing installed under floor 

LL7 Heavy steel plates cover tee entire 
$ng:d rear of units - +4 front - 

The K/D-O DS package unit is completely factory- 
assembled including fully integrates 
combustion and safety controls to provide reliability. 
and efficient operation. All you expect from a company 
that has specialized in building boilers for over a century. 

Complete responsibility and guaranteed satisfaction 
are assured with the latest water tube design and a wide 
selection of top quality fuel burning systems to meet 
individual job requirements. 

Addifional Bafures 
0 Oil - gas or combinotfori firing 
0 Standard Capacities 75M) Ibs. to 

1 CQ.Mx) Ibs. per hour 

0 ;t$;d&d Design Pressures - 2’33, 

D All tubes uniform diameter 
throuQhOUt 

0 lntearal sucemeaters to 75ooF. 
0 zz;ers and air heaters 

0 ComplieswithMilitary Specifications 
L7 $Feilable with furnace on RH or LH 

a Firing equipment and controls by 
Faber ond other l&JdinQ 
manufacturers 

~7 Hffh efffcfmncies 
0 Equipped with top qualify steam 

and water trimmings 
0 Weatherproof casings available 
0 Steel Stub Stacks available 
C7 Simplicity of rigging by lifting lugs 

hOm steam dNm without need Of 
special frame 

0 Tangent furnace tubes provide 
more nsers than other desienJ 
resulting rn rmpraved crrcu atron 
and Iawer tube metal tempetafure 

0 Mare lineal feet of water cooling 
tubes than any other design for 
cooling target wall - 70% 
coverage wrth 2” bare tubes 

U Bum heads extend beyond 
casing for inspection 

0 Unit is completely drainable 
0 Two observation doors for viewing 

entire furnace 
lJ Stable water level throughout 

varying lcad conditions 
0 Units can be assembled Ot site if 

fieie~b~d&tions prohrbit shlpplng 

0 Standard fielderected units 
available - from tTO.coO ta 175COO 
Ibs per hour with 8’ and 10’ wide 
furnaces 

ci Units have in-line tubes and wide 
gngaraw swxe for tube 



Table of Standard Size Dimensions and Weighfs for 
K/D=0 “DS” Package Steam Generators 
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A lCU.CCXl lb. wf hr. Tvpe DS bcilar fcs shipment 
to a distiller in Scotland. 

Pwo KI.ooO lb. pet hcur 1~ DS bollen far a large 
tcaccco Praacvng Pmk 

You can depend on a K/D-O Boiler for the 
most modern, efficient equipment for 
industrial, institutional or educational 
buildings. Whether irs a gas or oil unit, 
a K/D-O Boiler will give You top performance. 
low-cost steam and operating economy. 
Contact us for Your nearest sales 
representatiie for complete details on a 
K/D-O installation. 

r 



T$ps&ymg mmgelnent 

lope DS boiler shaving unidue double caring. 

Tvpe DS bailer showing target wall 
vmtw cooling and hmace ncor tile. 

e..--$J,-,z-&L: 

Type DS boiler. showing tactdw*ped 
steam and water trimmings 

Testing cdsirk~ OI Tvpe !X bdler ta 15” water gauge. 



A 4MCO lb. per hcur unit installed in msearch 
lkuotq of building moteviols rnonufwturer. 

Two 44,CIXJ lb. pet hour unih pfoducing foe o 
Scuftwestem uniwsily 

A 4O.ooO lb. per hour ouidcc+ instalhztkn fa 
a west ccast mfineiv 

A ICCLKU lb. 
olumic energy plant. 

TWO of three l&o00 Ibs. p% hour units for 
o Midwest hos@tDl. 

A 66,wO lb. per hour unit with supeWDter 
fOr WC@ DIOjBCt. 

TyPcal Applications 
U Continuous processing plants such 

0s chemical. textile. pulp and 
0 Hospitals. universities. hotels. 

paper. refining and breweries 
prisons. military facilities and other 
institutions 

c? Monufactunng and assembly 
Plants such as outomatiie. tire. 
furniture and other fabrtcated 

U Cogeneraton 



Fuel burning equipment is 
engineered to suit individual 
job requirements and all 
systems are completely 
designed. fabricated and 

. tested by our Faber Burner 
Department. This provides a 
fully integrated boiler-bumer- 
control unit insuring that all 
components of boiler-fuel 
burning Systems are 
compatible, resulting in 
reliable single source 
responsibility. 

U 6&lyboqpeskoged and shop-installed 

L3 Stectm otombing, air otombing 
and mechanical ofomizing oil 
burners cwailoble. 

U Ring tVpe gas burners with Stainless 
Steel jets to insure stable flame. 
optlmum fuelqir ratios and 
maximum turndown Gun and 
spud hype gas burners cwciiloble. 

L7 Uni-directionol air r isters on 
smaller units to 40. Lz.4 Ibr per hour. 
La&w&nits hov8 conyound air 

0 Single burner units up to 125,CW 
Ibs per hour. 

D Units under 4O.ooO pph use sin 
air zone; over 40.C0Il pph use 3 

le 
ud. 

All vaes odjustoble for cw or ccw 
rotation with single lever. 

L3 Forced dmft fan speed - 1750 
RPM sfondard. insuring quiet 
operation ond low maintenance. 

0 Boiler controls ore front-mounted or 
In fme-stonding panel. 

U&l sfandord turndownail flrfng. 

n lo:1 stondord tumdowngos tiring. 

c7 SO:1 special turndown burner. 

Ll We choice of combustion 
controls and instruments to suit 
indfvidual job requirements. 

0 Oll~as or combination units 
ovurloble for conversion of existing 
holler units. 

D Package type fuel oil pumping. 
heating and straining sets. 

0 Custom burner units ovoiloble to 
bum a wide range of special fuels. 

D Hecwcluiv steel plate wind-box 
construction.%” root. reinforced. 
Boftom and sides l/p”. 

Ll Low NO, burner technology proven 
in California. 

U Standard designs meet IRI ond FM 
requirements for sofefy Others to 
suit ore crailoble. 

K/D-O designs and builds a variety of 
water tube boilers and is one of the 
oldest ond most reliable water tube 
boiler manufacturers in America. K/D-G 
has faithfully served industry. institutions, 
utilities and government for more than 
tientulv. K/D-O quality and service ore 
known’the worlds over. K/D-O workman- 
ship, engineering and s&vice are the 
best in the water tube boiler industry:Yc I 

-e are invited to visit our office and plant ot 
-. 
m 

Williamsport to inspect our facilities an+ 
i discuss Your boiler requirements. 

Partial view of manufacturing facilities. 

Sales Representatives In All Major Locations 

keeler 



APPENDIX II 

DETAILED PROCESS AND MONITORING DESCRIPTION 

Figure AII.l is a block flow diagram illustrating the liquid,solid, and 

gaseous effluent streams in relation to the various process flow streams and 

components. Also shown are the sampling point locations to be used in compli- 

ance and supplemental monitoring. The monitoring procedure to be implemented is 

based on Coal Tech’s study of the applicable regulations as well as discussions 

with officials of the Williamsport Office of the PA Department of Environmental 

Resources. 

The combustor operates as follows: Pulverized coal and combustion air are 

injected in the cyclone combustor at up to 21 MMBTU/hr thermal input. The com- 

bustor operates fuel rich for SO2 and NOx control, and final {tertiary) com- 

bustion air is injected directly into the boiler. In addition, various quanti- 

ties of limestone are injected into the combustor for SO 2 control. 

Coal slag and spent limestone sorbent are liquified in the combtistor. Most 

{80-90X> of the slag mixture is drained into a water quench tank for subse- 

quent disposal at a landfill. The balance of the slag/spent sorbent particles 

is conveyed through the boiler to the stack, where it will pass through a ven- 

turi type wet scrubber which will remove sufficient particles to meet particu- 

late emission regulations. Gas sample ports in the stack, both before and after 

the scrubber, connect to gas analysis instruments located in a facility adja- 

cent to the boiler house. 

The main ceramic liner of the combustor is air cooled and the cooling air 

is used to produce swirling combustion air in the combustor. Other parts of the 

combustor are water cooled. This cooling water, as well as the slag quench wa- 

ter, and the water discharged by the venturi scrubber are all collected in a 

slag tank located beneath the combuator from which it is discharged in a sanita- 

ry drain at the test site. The water discharge will be tested periodically for 

compliance with the thermal, suspended solids, and heavy metal trace elements 

standards and regulations of the Sanitary Authority. 

Washed coal will be delivered by PA Power 6 Light Co trucks to a pulverizs- 

tion company located within 20 miles of Williamsport. The pulverized coal will 

delivered in the latter company’s 20 ton pneumatic truck trailers which will re- 
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main at the Keeler site until empty. A blower located on the truck will convey 

the coal to a 5 ton storage bin. At the anticipated maximum rate of coal 

consumption of 0.9 tons/hr, the bin capacity is sufficient for over 5 hours of 

operation, a time sufficient to pick up the empty trailer, refill it at the pul- 

verization site with 20 tons of coal and return it to Keeler before the fuel is 

depleted in the bin. 

The bin is located adjacent to the boiler house. The bin contains a self 

cleaning dust collector for use during filling operations, and level indicators 

to control the filling. It also contains an explosion disc and an access 

manhole. The coal drops through a rotary valve to a smaller storage bin located 

above a screw feeder which meters the coal feed rate to the combustor. The coal 

is entrained in an eductor for delivery to the combustor. During bin refilling, 

attention will be given to the baghouse operation, as this is a potential 

non-planned release point for powedered coal due to leaks or bag perforation. 

In the event of such an upset, filling operations will be suspended until the 

problem is corrected. 

The facility is currently equipped with a limestone feed system consisting 

of a 750 lb capacity bin,and a screw feeder with a numerically controlled feed 

rate adjustable from 50 to 1000 lb/hr feed rate. The limestone pneumatic feed 

system is being equipped with a smaller scale version of the coal feed eductor 

and flow splitter assembly to operate the limescone feed. In addition, a level 

indicator will be added to the bin. Venting of air used to refill the bin will 

be to the stack of the boiler, so that the limestone dust is removed by the 

stack scrubber. 

With 2% aulfur coal, which will be used for the bulk of the test effort, 

the maximum limestone feed rate will be 340 lb/hr. During refilling of the bin, 

a manual valve located between the bin and the hopper above the screw feeder 

will be closed. The limestone will be emptied from 50 lb bags into a funnel 

which will feed into a air driven eductor. The small bin above the screw has 

sufficient capacity to maintain the feed rate during filling operation. 

The local particulate emission standard is 0.4 lb/MMBTU. It can be met by 

the combined particle retention of the cyclone combustor and a venturi 

scrubber. 
18 



It was found in a published source that the particle exhaust from a 

recently operated cyclone combustor was measured to be 21% by weight below 0.5 

microns and an additional 14% by weight between 0.5 and 1 microns. The particle 

retention in the cyclone combustor as reported for the same combustor was as 

high as 94%. Other data obtained verbally from DOE indicated that the stack 

particles from a cyclone combustor had a co8 distribution with only 10% by 

weight below 1 micron. Also a review of the particle retentions in cyclone 

combustors used in the MBD program suggested particle retentions in the 80% to 

the low 90% range. Cyclone combustors generally have a lower limit of 10 

microns in particle retention capability. Since the particle retention 

efficiency of a scrubber for coarse particles is over 99% for particles above 

several microns, even with only several inches of H 0 pressure drop in the 
2 

scrubber venturi throat, the exact particle collection efficiency of the 

cyclone combustor is not critical and a nominal value of 85% has been used in 

the scrubber selection 

The scrubber manufacturer has a proprietary computer code for analysing 

the particle retention of its scrubber. The calculations indicated that 

scrubber pressure drops in the range of 5 to 20 inches of ii20 would meet the 

0.4 lb/KMBTU emission standard. Our analysis showed that the lower pressure 

drop was based on the coarser particle size distribution (i.e IO%< 1 micron). 

Using the finer size distribution results in a pressure drop of 15 to 20 ” 

Hz0 with the variation depending on the specific scrubber design. The unit 

that we have purchased requires a 15 inch pressure drop to meet the emission 

standard. 

The nominal slag rejection rate into the slag tank will be about 350 lb/hr 

for the 2% sulfur coal with limestone injection. This quantity is insufficient 

to warrant the use of an automated slag removal system. Instead a prefabricated 

steel mesh slag conveyor will be placed inside the slag tank to remove the 

quenched slag to a dumpster located next to the slag tank. This dumpster will 

be rolled to another large 17-20 ton capacity dumpster to be located in the 

parking lot adjacent to the boiler house. A fork lift truck will be used to 

empty the small dumpster. When the large dumpster is filled it will be removed 

by an outside contractor to an approved landfill. 
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It is planned to monitor the stack gas emissions for NOx and SO2 

concentration on a continuous basis throughout the test effort. To accomplish 

this,the extensive gas diagnostic equipment located at the Keeler Company’s 

Fluidized Bed Boiler Test Facility, which is located adjacent to the 23 

MHBTU/hr boiler, will be used. This equipment is already connected to the stack 

of the 23 h?+lBTU/hr boiler and it was used in the recently completed short 

duration combustor tests with coal water slurry fuel. The availability of this 

equipment represents a major upgrading in diagnostic equipment available to the 

project. The SO2 emission standards of 4 lb/MMBTU will be met with the 2% 

sulfur content coal to be used in the test effort. There is no standard for 

Nqx emissions.Therefore, the planned use of limestone injection for SO2 

control and staged combustion for NOx control will be aimed at meeting the 

New Source Performance Standards for both SO2 and NOx. As shown in figure 

AII.l, gas samples can be extracted either before or after the scrubber. This 

diagnostic approach is necessary to decouple the environmental control effects 

of the combustor and scrubber. In addition to gaseous combustion speacies 

measurements at these locations , periodic smoke number and/or opacity readings 

will also be obtained. 

As noted the emission standard for particulate6 is 0.4 lb/MMBTU. To meet 

this standard, the cyclone combustor will remove between SO and 94% of the coal 

ash. The balance will be removed with a high pressure venturi water spray 

scrubber which is currently being installed on the stack. Particulate standards 

will be attainable by combustor/boiler slag retention, in combination with the 

scrubber. Therefore, only one EPA Method 5 iso-kinetic measurement of 

particulates discharged to the atmsophere is planned as a supplemental 

monitoring task. Efforts will also be made to include a small particle size 

determination during the particulate measurement by using a cup filter with a 

10 micron cut-off. Although additional particulate measurements giving total 

mass rate and size, both before and after the scrubber, would be of technical 

interest, the high cost (about $5000 for two samples in a one day period) of 

performing this task by using a commercial testing concern is prohibitive for 

the present project and it will not be considered. 

The water wastes generated from cooling of the liquid coal slag and from 

particle CaptUre in the wet scrubber will be discharged into the Williamsport 

Sanitary Authority’s system. The following items will be monitored at periodic 

intervals: Cumulative water discharge, total suspended solids, trace heavy me- 



ta1s, water temperature, water pH, and water discharge temperature. The 

suspended solids and heavy metal concentration will be analysed by a commercial 

testing laboratory. Based on preliminary tests performed on solid slags gene- 

rated in a 7 MMBTU/hr slagging cyclone combustor, which was tested for Coal 

Tech at the Argonne National Laboratory under a DOE Contract completed on Decem- 

ber 31.1986, it is anticipated that the heavy metal concentration will be below 

the standards set by the Authority. In addition, the planned water discharge 

rate of about 1800 gal/hr is sufficiently low to meet the other standards set 

by the Authority. Continuous measurements of the water flow rate and water 

discharge temperature will be made. The supended solids and heavy metal 

concentrations will be sampled periodically and analyzed by a commercial 

teiting laboratory. 

The solid coal slag and the sulfur bearing solid sorbent will be collected 

in the water filled slag tank located beneath the combustor and stored at the 

test site until sufficient material is collected, {about 17 tons), after which 

it will be disposed at the nearest approved landfill. In order to determine the 

the appropriate waste disposal site, a series of tests on the specific solid 

waste generated by the combustor must be made. 

It should be emphasized that the objective of the project is to identify 

and operate within an envelope of conditions conducive to good enviromental 

performance vis-avis the impacted media. Since the project is developmental, 

occasional operational excursions are expected to result in some effluent 

smaples being out of environmental specifications. However, it is anticipated 

that the average bulk material will be within the standards. In order to fully 

characterize the solid waste generated, in terns of compliance and supplemental 

monitoring requirements, up to 17 to 20 tons of this material will be collected 

during Phase II and early in Phase III. This material will be stored on site. 

After sufficient material has been collected to assure a representative 

sampling procedure, the appropriate characterization tests outlined in 

Appendices IX to XI will be performed. The results of these tests will be used 

to apply for the solid waste disposal permit to PA DER. 

Specifically, the following major substances will be monitored: Hydrogen 

sulfide and hydrogen cyanide gas evolution using EPA specified reactivity test 

procedures; heavy metals leaching from the solid using EPA test procedures; and 

dissolved cyanide in the leachate. 
21 



The above tests will be performed by a commercial test laboratory one or 

more times during the short duration Phase 2 test effort, and subsequently at 

random intervals during the Phase 3 long duration test effort. 

An analysis of the leachate for the above substances was made with the 

slag collected in the previously cited Argonne combustor tests. The results 

showed that metals do not leach out of the slag. However, the slag in those 

tests was air quenched while in the present combustor they are water quenched. 

This changes the nature of the chemical bond in the solids and the reactivity 

of the solid waste must be determined from the Phase 2 tests. {In the recently 

completed coal water slurry combustor tests, the duration of Limestone injec- 

tion in the combustor was too short to allow the collection of sufficient slag 

for analysis.) Since two different coals, as well as a range of sorbent injec- 

tion levels will be used, it is anticipated that periodic solid waste reactivi- 

ty tests will be performed to developed a representative data base. 

It is also important to note irrespective of the solid waste analytical re- 

suits, this waste can be disposed at a” appropriate site. Even if the slag does 

oat meet the conditions for disposal at a local landfill, it will still be pos- 

sible to dispose of the material at an landfill approved to accept for example 

hazardous material. Thus solid waste disposal is not a barrier problem for the 

implementation of this project. Of course in the unlikely event that the solid 

waste will require special disposal, it could reflect “nfavorably on the econo- 

mics of this technology. 
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APPENDIX III 

VOLUME 

OF 

ENVIRONMENTAL INFORMATION 

for the 

Demonstration of an Advanced Cyclone Coal Combustor 
with 

Intern,al Sulfur, Nitrogen and Ash Control 
for the 

Conversion of a 23 MMBtu/Hour Boiler to Coal 

Sponsored by: 

Coal Tech, Inc. 
Pennsylvania Energy Development Authority 

Pennsylvania Power & Light Company 
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A. DESCRIPTION OF PROPOSED ACTION 

The United States Department of Energy (DOE) is proposing to 
enter into a cooperative agreement to conduct a cost shared 
Clean Coal Technology project to demonstrate the commercial 
feasibility of the technology for future applications. This 
proposed agreement is between DOE and Coal Tech, Inc. for the 
purpose of undertaking the project entitled "Demonstration of 
an Advanced Cyclone Coal Combustor with Internal Sulfur, 
Nitrogen, and Ash Control for the Conversion of a 23 
MMBtu/Hour Boiler to Coal." Cost sharing participation with 
DOE will be Coal Tech, Inc., Pennsylvania Energy Development 
Authority, and Pennsylvania Power & Light Company. 

T,he total estimated cost of the project is estimated to be 
ab.out 6800,000, of which DOE will fund 50 percent. This 
endeavor is founded on the support and stimulation of the 
public purpose as specifically authorized by federal statute 
P.L. 99-190 entitled "An Act Making Appropriations for the 
Department of the Interior and Related Agencies for the Fiscal 
Year Ending September 30, 1986, and for Other Agencies." 

6. DESCRIPTION OF PROPOSED PROJECT 

Coal Tech, Inc. will test a 30 million BTU per hour (MMBtu/hrl 
coal fired advanced cyclone combustor on an existing boiler 
designed for oil firing with an input heat capacity of about 
23 MMBtu/hr. The project will be conducted at the Keeler 
Boiler Company plant in Williamsport, Pennsylvania. The 
project will be conducted in three distinct phases. Phase I 
consists primarily of activities involving design and the 
acquisition of necessary environmental approvals. During 
Phase II, Coal Tech will install standard equipment for 
handling and feeding pulverired coal, a conveyor for slag 
handling, and for the removal of particulate matter from the 
boiler f.lue gas. After installation of this equipment, cod1 
Tech will perform a 30 hour shakedown test. During Phase III, 
long term testing will be conducted. This long period testing 
will be divided into two periods of 470 and 400 hours each. 
The overall test program is the combination of shakedown and 
long term testing for a total of 900 hours. Between specific 
tests there will be data analysis and reporting. Upon 
completion of the test program, test equipment will be removed 
from the test site at Keeler and a final report will be 
prepared describing the experience with testing the advanced 
cyclone combustor. 

1. Purpose, Objectives and Need for the Project 

This 
miss 
util 
for 
the 

activity is being undertaken in furtherance of the DDE 
ion because the project involves the testing and 
ization of U.S. coals that are high in sulfur and known 
their slagging behavior. The activity also undertakes 
long overdue testing and demonstration of a new 



advanced combustor. If successful, this project will also 
make high sulfur U.S. coals more useful and in doing so may 
reduce U.S. dependence on foreign oil. 

The specific objectives of the project are to: 

-0emonstrat; ,hat 70 to 90 percent lof the potential sulfur 
oxide emissions from the combustion of a 2 to 4 percent 
sulfur coal can be picked-up in the combustor by a sorbent. 

-Demonstrate that 90 to 95 percent of the ash contained in 
the feed coal plus the sorbent used for SD2 pickup can be 
discharged from the combustor as a low viscosity slag 
'Yefore it enters the boiler. (This will have the dual 
advantages of reducing fouling, slagging, and corrosion 
within the boiler and also reducing the capital 
requirements for particulate cleanup equipment before flue 
gases enter the stack for atmospheric discharge.) 

-Demonstrate on a commercial scale that nitrogen oxide 
emissions can be reduced to 100 ppm, or less, through fuel 
and air staging. 

-Prove that 
excess of 
operations 
shutdowns. 

-Develop th 
with exist 

this advanced combustor has a durability in 
,000 hours of on-stream, steady state 
with frequent intermittent start-ups and 

knowledge that this combustor is compatible 
ng boilers,. has a high turndown ratio and will .! 

have the potentlal of bringing some existing boilers 
closer to meeting New Source Performance Standards 
economically. 

2. Project Phasing and Timing 

All work to be performed under the proposed agreement will 
;e divided into three phases. Those phases, and their 
expected durations are: 

Phase I Design and Permitting (3 months) 

Phase II Construction and Startup (5 months) 

'Phase III Operation, Data Collection, Reporting, 
and Disposition (18 months) 

Overall program length is twenty-four months with a two- 
month overlap between Phases I and II. Figure 1 provides a 
graphic display of the time periods currently established 
for the project. 
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3. Environmental Approvals 

The environmental effects of project operation are' 
discussed fully in Section D. As noted the project will 
result in the emission of air comtaminants typical of 
fossil fuel combustion which include oxides of sulfur and 
nitrogen and partfculates. Therefore, operation of the 
facility will require a State (of Pennsylvania) Plan 
Approval. A temporary approval has already been obtained to 
conduct 40 hours of parametric testing (5 days of 8 hours 
duration) to obtain more detailed information for the 
formal application. A copy of this approval is presented 
In Appendix A 

The project will also generate waste water resulting from 
slag quenching and the potential need to install a small 
venturi scrubbing unit. Preliminary approval has been 
obtained from the Williamsport Sanitary Authority for 
discharge to the sanitary sewersystem pending the results 
of the parametric tests. This preliminary approval is 
contained in Appendix A. 

Solid waste in the form of boiler slag will also be 
generated. The offeror presently plans on disposing of this 
waste in the Lycoming County Sanitary Landfill. This 
disposal method also is dependent on analysis of the slag 
characteristics which will be obtained during the 
parametric tests. 

C. SITE DESCRIPTION 

1. Geographical Location 

The proposed project will be located at the Keeler Boiler 
Company facility in Williamsport, Pennsylvania. The City 
of Willfamsport is situated in north-central Pennsylvania 
and is the largest city in Lycoming County. The population 
of Williamsport is approximately 33,400 residents and 
accounts for 28 percent of the total population of Lycoming 
County. The location of the proposed site is shown in 
Figure 2. 

2. Existing Air Quality 

Lycoming County is in a Non-Air Basin Area of the state as 
designated by the Pennsylvania Department of Environmental 
Resources. Lycoming County is presently classified as 
having attained.Secondary National Ambient Air Quality 
Standards for all Clean Air Act Criteria Pollutants. 

There are no major emission sauces presently located in the 
County. 
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3. Existing Infrastructure and Services 

The Citv of Williamsoort is located aooroximatelv I7 miles 
north 07 Interstate 80 and can be accessed by State highways 
which include Routes 15 and 220. The Keeler Boiler Company 
property is bounded on the south by both Routes I5 and 220 
and can be directly accessed without the use of city 
streets. 

The City provides al 1 essential services. In particular, . . . . 
water supply ana sewage treatment are proviaea ana 
available on site. 

4. Existing Facilities 

The Keeler Boiler Company property is fully developed and 
includes several buildings which house administrative 
personnel, fabrication operations and central heating. The 
proposed project will be located in the existing boiler 
house which contains two 23 MMBtu/hr D-tube package 
boilers and associated controls. These boilers are 
currently oil fired and are used to provide steam for space 
heating. One of these boilers will be converted to coal 
firing by the installation of the Coal Tech Advanced 
Combustor and associated support equipment. This facility 
currently has all necessary utilities in place to operate 
both boilers using oil as fuel. 

0. POTENTIAL ENVIRONMENTAL IMPACTS 

1. Construction Phase 

The construction phase of the project will not involve 
heavy construction, land clearing or demolition. Therefore, 
there are no adverse impacts associated with this activity. 

2. Operational Phase 

a) Air Emissions - During long term testing at full 
capacity, the fuel burn rate will be approximately 1 ton 
of coal per hour (assuming 11,000 Btu/lb of coal?. Based 
on established emission estimates (Compilation of Air 
Pollutant Emission Factors, US EPA, AP-42). maximum 
uncontrolled emissions would be: 

Particulates 80 lb/hr 
sox (@ 2x S) 78 lb/hr 

(@ 4% S) 156 lb/hr 
NOx (as NO21 21 lb/hr 
co > 1 lb/hr 

The maximum annual rate will occur during the year of 
the 470 hour test. The total emissions for this year 
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(assuming uncontrolled emissions) would be: 

Particulates 
sax ;i g; :; 

NOx (as N02) 
co 

18.8 Tons 
18.3 Tons 

The advanced combustor, however, is expected to achieve 
a minimum of 90 percent particulate reduction, 70 
percent SOx reduction and 80 percent NOx reduction. 
Therefore, the following maximum actual rates are 
expected: 

Particulates 8.0 lbs/hr 1.9 Tonslyr 0.4 lb/MMBtu 
sox (@ 2% 5) 23.4 lbs/hr 5.5 Tonslyr 1.1 lb/MMBtu 

(@ 4% S) 46.8 lbs/hr 11.0 Tons/yr 2.1 lb/MMBtu 
NOx (as N02) 4.2 lbsfhr 1.0 Tonslyr 0.2 lb/MMBtu 
co 0.6 lbs/hr 0.1 Tons/yr 0.01 lb/MMBtu, 

In comparison to 'asignificant net emission increases" as 
defined in the PSD regulations (40 CFR 52.21) which are: 

Particulates 25 TPY 
so2 40 TPY 
NOx 40 TPY 
co 100 TPY 

the maximum controlled emissions are considerably below 
these significance levels. 

State standards for sources located in Non-Air Basin 
areas limit particulate emissions to 0.4 lb/MMBtu and 
sulfur oxides to 4 lb/MMBtu. The expected emission rate 
at the minimum reduction achieved by the combustor for 
sulfur oxides is far below this level. However, the 
particulate emission rate is potentially at or a-bove 
this limit. Therefore, Coal Tech proposes to install a 
venturi scrubber to remove fine particulates from the 
stack gas. The final design of the scrubber is awaiting 
the results of a short term parametric test to determine 
the actual particulate emissions which would result from 
actual combustor operation. The minimum removal rate 
will be chosen to achieve the state particulate standard 
with an adequate margin for safety under the maximum 
expected particulate loading. 

b) Liquid Wastes - The project will utilize approximately 
3600 gallons per hour of city supplied water for cooling 
the combustor, for quenching and solidifying the molten 
slag and for operating the venturi scrubber. 

The combined waste water stream will be at a temperature 
of about 100 F. Since this water directly contacts coal 
ash or slag Solids in the stack scrubber and in the 



quench tank, some carryover of suspended materials is 
expected. These materials are entirely inorganic. 

Most of the coal ash (about.80 percent). as well as any 
limestone added for SOx control, will be rejected from 
the combustor as molten slag which becomes a glassy, 
inert material upon water ,quenching. Experience with 
slagging combustors indicates that over 90 percent of 
the slag will be present a's large agglomerates with 
about 10 percent fines whfch may be suspended in the 
quench water. In addition, the stack scrubber is 
expected to contribute another 10 percent to the soJ!ds 
loading. Thus, at maximum coal slurry and limestone 
rates, the suspended solids is estimated to be a maximum 
of 33 pounds per hour. When suspended in the 3600 
gallons per hour of combined waste water, the suspended 
solids concentration is estimated at 1100 mg/l maximum. 
Ouring test periods when no limestone is Injected (which 
is a frequent occurrence) the solids loading is 
estimated to be about half this amount. 

Based on coal trace element analyses and the estimated 
solids carryover as noted above, the estimated trace 
metal carryover for an eight hour test day would be 
0.04, 0.38 and 0.002 lbs per day for selenium, copper 
and cadmium, respectively. 

As noted in Section 8.3, the waste water generated will 
be combined with the Keeler Boiler Company's sanitary 
waste and discharged to the Williamsport Sanitary 
Authority Central Treatment Plant. 

The Central Treatment Plant is a secondary treatment 
level plant which utilizes an activated sludge process. 
The facility is rated for a maximum flow of 10.5 million 
gallons per day (MGO). The daily average flow is 
typically about 6 to 8 MGD or about 250,000 to 333,000 
gallons per hour. Influent and effluent metal 
monitoring data provided by the Authority show that the 
following concentrations are present in the influent: 

Cadmium 0.006 mg/l 
Copper 0.143 mg/l 
Nickel 0.011 mg/l 
Zinc 0.138 mg/l 

Based on corresponding effluent data potnts, the average 
removals through the treatment system range from 30 
percent for cadmium to 80 percent for copper. 

In comparison, the trace metals discharged by the 
project (and when diluted by the total treatment plant 
flow) will result in an increase of 0.0007 mg/l for 
selenium, 0.0006 mg/l for copper and 0.00003 mg/l for 

33 



cadmium. 
measurab 1 

These increases are not expected to have any 
e effects on treatment plant performance. 

Increase 
expected . 

s in temperature and suspended solids are 
to be no greater than 0.5 F and 33 mg/l, 

respectively, when fully diluted by the total influent 
flow. These increases are also not expected to result 
in any effects on treatment plant performance. However, 
a surcharge of S 0.14 per pound of suspended solids 
exceeding 200 mg/l will be charged to Keeler Boiler. 

cl Solid Wastes - Operation of the combustor at a nominal 
23 MMBtu/hr will result in the generation of about 200 
to 400 lb/hr of molten slag. The slag will be quenched 
and thus solidified into a glassy agglomerate which 
consists of the coal ash and reacted and un-reacted 
limestone. Based on previous tests conducted at Argonne 
National Laboratory and analysis of slags resulting from 
steel production. the solidified slaq is expected to be 
relatively inert.with all constituenis bound into the 
matrix. However, more detailed analysis of the slag 
characteristics will be performed as part of the 
parametric tests to determine the suitability of 
landfill disposal. 

The quantity of slag to be disposed is relatively sma 
in comparison to estimated domestic waste generated 
within the county. Based on an average per capita ra 
of 4 to 5 pounds per person per day, the estimated 
annual solid waste production of the county isB6.000 

11 

te 

to 
108,000 tons per year. In comparison, the solid waste 
generated over the two year test program will amount to 
90 to 180 tons. Therefore, the increase in solid waste 
generation due to the project will be small. 

The Lycoming County Sanitary Landfill, which is located 
in Montgomery Township. is the nearest sanitary landfill 
and is the primary candidate for the project's solid 
waste disposal. Oisposal of the slag at this facility 
requires approval of the landfill and Pennsylvania DEB. 
Approval will be sought during Phase I of the project. 

If the Lycoming facility rejects this waste, or the 
tests indicate that the slag is unsuitable for sanitary 
landfill disposal, additional alternatives will be 
identlfied and evaluated.in light of the more detailed 
information. 

E. ENVIRONMENTAL MONITORING 

All waste streams resulting from the facility's operation will 
be monitored during the project. The monitoring frequency 

will range from continuous for 502, NOx and Opacity to 



intermittently for all other parameters. 

The actual particulate emissions will. be determined in the 
parametric test phase with an isokinetic probe at the stack. 
During the 900 hour test effort, visible emissions will be the 
primary regular monitoring function for particulates, with 
periodic stack particulate sampling to obtain an average 
performance baseline. 

Actual trace metal behavior in the slag will be determined 
during the parametric test. In addition, several analyses of 
the slag for trace metal leaching (both long term and short 
term characteristics) will, be performed. 

As part of performance evaluation during a test, many of the 
parameters associated with water quality will be measured. 
These include exit water temperature, slag tank and scrubber 
water pH, as well as periodic collection and chemical analyses 
of suspended solids. Should any of these measurements 
indicate excessive conditions with regard to water quality, 
corrective adjustments will be made in the operation. 

F.. MEASURES PROPOSED TO MITIGATE ADVERSE ENVIRONMENTAL EFFECTS 

All waste media will be in compl 
standards. The only potential e 
level in the stack gas. However 
install a venturi stack scrubber 
to a level below the standard of 

iance with applicable 
xceedance is the particulate 

Coal Tech proposes to 
'to remove fine particulates 

0.4 lb/MMBtu. 
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Appendix A 

Environmental Approvals Obtained 
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C~MWWEALTH OF PENNSYLVANIA 
DEPARTMENT OF ENVIRONMENTAL RFSOURCES 

Bureau of Air Quality Control 
200 Plnt Street 

Yllllantsport, PA 17701-6510 

I August 5. 1986 
I 

Dr. Bert Zaudtrer, President 
Coal-Tech Comoratlon 
P. 0. BbX 154' 
Marion Statlon. PA 19066-0154 

Dear Dr. Zauderer: 

Thlr letter serves as Bumau of Air Quality Control approval ta conduct up to 
five one-day tests, of up to 8 houn bratIon each, of your coal caPbuster at the 
Keeltr/Dorr-Ollver faciltty In Yllllamspof%. Ptnnsylvanla, as dlscribtd ln'yow 
letter of July 29, 1966. This lttttr also serves as a varlanct fmm the air 
contaminant emlsslon llaitatlons specified In Sections 123.11. 123.22 and 123.41 of 
the Rules and Rtgulatlons of the Ptnnsylvanla DtpartrPrnt of Envlmnmtntal Resources 
for the duration of thtsr tarts. 

Please be advlsed,that addltlonal ttitlng beyond that approved herein nuy 
nectstltata a fomal plan approval pursuant to Sectlon 127.11 of the Oepartmcnt's 
Rules and Rtgulatlons and/or the lnstallatlon of appmprlatt pal'elculatt cuntml 
tquipmtnt. 

Should you have any qutstlons concerning tRls mtttr. please feel free to 
contact Richard L. f4axwell. Jr., Chief, Englnterlng Services at (717) 327-3640. 

S~nctrely. 

JWRLn/rjh 

cc: File 
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WILLIAMSPORT SANITARY AUTHORITY 
*,s w*,v IOUII” .1”ZZ1 

WIW*MsPO”I, PENN*. ,770, 
nrm szJ4146 

September 15. 1966 

Mr. William Morton 
Keeler Door-Oliver Company 
238 West Street 
uillfamsport, PA 17701 

Dear Mr. Horton: 

Ye have reviewed the proposal by Hr:Bert Zaudtrer'of Coal Tech 
Corporatlon as prestntcd in his letter of September 5. 1986 concerning 
the discharge of quench and scrubber water from a coal combustion test 
at your facility. If the levels of tract tltments and temperature of 
discharge water are as prtstnttd. w sea no problems associated with 
the discharge to sanitary sewers. 

Since the test wjll be conducttd at the Kttltr Door-Oliver plant, 
please confirm that all water uttd is measured by a meter which 
measures wattr billed to Kteltr't sanitary volume account. if the water 
is to be discharged to sanitary sew&s. Due to the discharge of 
concentrations of solids higher than domestic stuage, please contact 
our Industrial Program Coordinator, Michael Manning to arrange for 
sampling durlng the test. There will be a possible surcharge of 
14CIpcund of tuspendtd solids for levels greater than 200 mg/l during 
the ttsts billed to Kteler Ceor-OlIvtr. 

If you have any questlons, please contact me without hesitation. 

Very truly yorirs. 

g,! ~$A-&- 
Walter A. Nicholson 
Manager, Technical Divlslon 

WAN/s1 
CC: Mr. Bert Zauderer 
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APPENDIX Iv: PERMIT FROM PA DER, BUREAU OF AIR QUALITY CONTROL 
FOR TESTING OPERATION 

Ccmrmrrnnalth of ‘fbnnrylnnir 
Department of Environmental B~~clurces 

Bureeu of Ah Duality ContrOt 

PLAN APPROVAL 
. . 

mmit No. 41-302-045 

ovblw Keeler/Dorr-Oliver 

Operator: Coal Tech Corp. 

Attention: Dr. Bert Zauderer, President 

Coal Tech Corm 

Source & Keeler DS-9 boiler 

Air 

Cleaning 

Dwln 

LaWion Williamsport 

Lycoming County 

In eccordance with provisions of the Air Pollution Control Act, the Act of .lenury 8, lW0, 
P. L. 2119, as enmncki, and with Chapter 127 of the rules and regulations of the Deper~mnt 
of Environmantef Resources, the Depertmtnt on rpprwed pl- 
for t 
CCtl&- 

of in&+ air 

Ttti~ PLAN APPROVAL expires 5/31/89 

The plan approved is. subject to the following conditions: 

(1) The holler is to be 
modified in accordance with the plans submrtted with the 

application (as approved herein). 

See attached for additional condltiork. 

Notify the psrson noted below when the installation is completed so that tit source can be 
inspected for issuance of an OPERATING PERMIT, 

NOTE: 



2. 

3. 

4. 

5. 

6. 

7. 

8. 

PLAN APPROVAL CONOITIOXS 
APPROVAL NO. 41-302-045 

COMPANY: Keeler/Dorr-Oliver 

This plan approval is issued for the modification of a Keeler DS-9 boiler 
owned by KeeleriDorr-Oliver, said modification consisting of the 
installation of a cyclonic coal combustor on the boiler by Coal Tech 
Corp. 

This plan approval is also issued.for the installation of a venturi scrubber; 
as described in the appliczfion and supplemental materials submitted for plan 
approval, on said boiler. 

The venturi scrubber shall be equipped with instrumentation to monitor water 
flow rate to the scrubber and pressure drop across the scrubber on a 
continuous basis. 

The boiler shall be equipped with instrumentation to monitor the emission 
of sulfur oxides, nitrogen oxides and visible air contaminants (opacity) 
on a continuous basis. 

Coal Tech Corp. shall perform such stack testing upon the modified boiler 
as may be requested by the Department to determine compliance with the 
particulate matter emission limitations of Section 123.11 and the sulfur 
oxides emission limitations of Section 123.22 of Chapter 123 of Article 
III of the Rules and Regulations of the Department of Environmental Resources. 

The issuance of an operating permit is contingent upon the combustor 
and scrubber being installed, and the boiler, combustor and scrubber 
subsequently being maintained and operated, as specified in the 
application and supplemental materials submitted for plan approval and 
upon satisfactory demonstration that any air contaminants emitted are 
in compliance with the requirements specified in Sections 123.11, 
123.22 and 123.41 of Chapter 123 of Article III of the Rules and Regulations 
of the Department of Environmental Resources, as well as in compliance 
with the requirements specified in, or established pursuant to, any 
other applicable rule or regulation contained in Article III. 

If, at any time, it is determined that the use of the aforementioned boiler is 
causing the emission of particulate matter in excess,of the limitations 
specified in Section 123.11. visible air contaminants in excess of the 
limitations specified in Section 123.41 or sulfur oxides in excess of the 
limitations specified in Section 123.22, all Sections of Chapter 123 of Article 
III of the Rules and Regulations of the Department of Environmental Resources, 
or is causing the emission of any of these or any other type of air contaminant 
in excess of the limitations specified in, or established pursuant to, any othe, 
applicable rule or regulation contained in Article III, the company shall take 
immediate steps, including the installation of additional air cleaning 
devices, if necessary, to reduce the emissions to within the applicable 
limitations. 

The company shall imnediately notify the Department of any malfunction of the 
source(s) or associated air cleaning device(s) which results in, or may possibl 
be resulting in, the emission of air contaminants in excess of the limitations 
specified in, or established pursuant to, any applicable rule or regulation 
contained in Article III of the Rules and Regulations of the Department of 
Fnuirnnmental Resources. 
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APPROVAL NO. 41-302-045 
COMPANY: Keeler/Dorr-Oliver 

9. This plan approval shall also serve as a temporary operating permit in 
accordance with the provisions of Section 127.23 of Chapter 127 of the Rules and 
Regulations of the Department of Environmental Resources. This temporary 
operating permit is valid for a period of 120 days from completion of combustor.' 
and scrubber installation to allow for startup and debugging, provided that 
notification of completion of installation is given to the Department within 
five (5) working days of the co~mpletion date. Should a period longer than 120 
days be needed a temporary operating permit renewal shall be obtained. 

10. Any notification required as a result of any condition herein should be directed 
to: Richard L. Maxwell, Jr,.Chief, Engineering Services, 200 Pine Street, 
Williamsport, PA 17701-6510, telephone (7171 327-3640. 

‘ 

;i 

41 



f 

1 ‘I 

13 , 

j 
I 
I’ 
/I! 

.I 
I 

COMMONWEALTH OF PENNSYLVANIA 
DEPARTMENT OF ENVIRONMENTAL RESOURCES 

Bureau of Air Quality Control 
200 Pine Street 

Williamsport, PA 17701-6510 

Keeler/Dorr-aliver 
Coal Tech Corp. 

Attention: Dr. Bert Zauderer, President 
Coal Tech Ccrp. 

De&r Mr* Zaukrer: 

Attached is a Department plan approval to construct, modify, reactivate or install an 
air cleaning device on an air contamination source. When the respective air 
contamination source construction, modification, reactivation or air cleaning device 
installation is completed or near completion and startup is anticipated, the 
Department must be notified so that a short-term temporary operating permit can be 
issued. During the term of this temporary operating permit, Department personnel 
will inspect the operation of said source(s). In addition, any testing required by 
the plan approval is to be conducted during this time period. 

A regular Department operating permit will then subsequently be issued IF (1) the 
special conditions incorporated within the plan approval have all been fulfilled; (2) 
it has been demonstrated to the Department's satisfaction that the construction, 
modification, reactivation or installation was carried out as proposed in the 
application, and that the operation of the source(s) and any associated air pollution 
control equipment conforms with the operational information stated on the 
application, and (31 it has been demonstrated to the Department's satisfaction that 
the air contaminant emissions from the source(s) are in compliance with the 
requirements specified in, or established pursuant to, all applicable Rules and 
Regulations of the Department of Environmental Resources. 

Please note that this plan approval contains special conditions which must be 
fulfilled. As failure to do so would constitute a violation of Section 127.25 of tht 
Rules and Regulations of the Department of Environmental Resources, upon which legal 
enforcement action could be taken, and as 'such failure is also grounds for denial of 
issuance of a regular operating permit for the source(s);it is suggested that 
particular attention is paid to these special conditions. 

You are advised that you have the right to appeal the issuance of this plan approval 
Any appeal you may wish to make must be filed with the Environmental Hearing Board, 
First Floor Annex, Blackstone Building, 112 Market Street, Harrisburg, PA 17120 
(717-787-3483). pursuant to the Administrative Agency Law C2 Pa. C.S., Chapters 5A 
and 7A) and the Act of December 3, 1970, P.L. 834 (71 P.S.'§510-1 et-). Appeals 
must be filed with the Environmental Hearing Board within 30 days 3 service of this 
issuance unless the appropriate statue provides a different,time period. Copies of 
the appeal form and the Department's regulations governing practice and procedure 
before the Board may be obtained from the Board. 
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Should you have any questions about this matter, please contact Richard L. Maxwell, 
Jr., Chief, Engineering Services, at (717) 32:-3637 

, 

Engineer 

_. -,~ ._... - 

_I. 
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APPENDIX Y:: Permit from Williamsport Sanitary Authority 
for Water Discharge into Sanitary Sewer 
System. 

WILLJAM~ORT SANITARY AUTHORITY 
,,J WSIT .OV.l* .m*w 

WIWAYsCoRT. PLllPw I7701 
nrn sa341a 

September 15, 1966 

Mr. Yi1liafn Morton 
Kceler Ouor-Olfver Company 
238 West Street 

.~illiamsport. PA 17701 

Dear Hr. Morton: 

Ye have reviewed the proposal by Hr:Bert 2auderar of Coal Tech 
Corporation as presented in his letter of Septmber 5, 1986 concerning 
the discharge of quench and scrubber water from a corl combustion test 
at your facility. If the levels of trace elaments and tmnperature of 
dlschargc hater are as presented, we see no problcmr associated with 
the discharge to sanitary sewers. 

Since the test will be conducted at the Keeler Door-Oliver plant, 
please confins that all water used Is measured by a meter which 
measures wetor billed to Keeler's sanitary volme account. if the water 
is to be discharged 0 sanitary seueit. Due to the discharge of 
concentrations of solids higher than domestic sewage, plerse contact 
our Industrial Program Coordinator, Michael Henning to arrange for 
sampling during thr test. There wfll be a possible surcharge of 
14Upound of suspended solids for levels greater than 2W mg/l during 
the tests billed to Keeler Door-Oliver. 

If you hve any questfons, please contact me without hesltatlon. 

Very truly y&s, 

I!.snager. Technical Division 

W/s1 
cc: Hr. Bert Zauderer 
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APPENDIX VI. MAXIMUM CONCENTRATION OF CONTAMINANTS 
FOR CHARACTERISTIC OF EP TOXICITY(a) _. - 

EPA Maximum 
Hazardous'Uaste concentration 

Number Contaminant bwll) 

0004 

DO05 

0006 

0007 

0008 

DO09 

DO10 

0011 

DU12 

DO13 

0014 

DO15 

0016 

DO17 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

Endrin (1,2,3,4,10,10-Hexachloro-1 
7-epoxy-1,4,4a,5,6,7,8,8a-ocrahydro-1 
4-endo, endo-5,8-dimethanonaph- 
thalene) 

Lindane (1,2,3,4,5,6- 
Hexachlorocyclohexane, gamma isomer 

Methoxychlor (l,l,l-Trichloro-2,2-his 
(p-methoxyphenyl)ethane) 

Toxaphene (C~OH~OC~B, Technical 
chlorinated camphene, 67-69% 
chlorine) 

2,4-D (2,4-Dichlorophenoxyacetic acid) 

2,4,5-TP (Silvex) (2,4,5- 
Trichlorophenoxypropionic acid) 

5.0 

100.0 

1.0 

5.0 

5.0 

0.2 

1.0 

s.0 

0.02 

0.4 

10.0 

0.s 

10.0 

1.0 

A) from EPA-SW-846,Secon.d Edition,Section No.2.1.4. 
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APPENDIX VII: Module I Form and Instructions for 

Solid Waste Disposal Permit. 
s ER.-l4: WV. ue 

Eg 

DATE PREPARED 

OAT.5 REVISED 

PA DEPARTMENT OF ENVIRONMENTAL RESOURCES 
SUREAU OF SOLID WASTE MANAGEMENT 

MODULE 1 

DEPARTMENT USE ONLY 

REPUEST FOR APPROVAL TO TREAT, STORE, OR OISPOSE OF A HAZARDOUS OR RESIDUAL WASTE STREAM 

SEE INSTRUCTIONS BEFORE COMPLETING TM.9 FORM 

I. GENERAL INFORMATION (must be completed by TSD facility) 

A. Treatment, Storage, or Disposal Site 

1. Name of facility 

Address 

Municipality County 

2. Identification number (if applicable) 1-1 

3. Solid waste permit number(s) for treatment, storage or disposal facility to be utilized 

4. Facility contact person 

Name Title 

Phone no. 

B. Generator of the Waste 

1. Name of company 

Mailing address 

Location of site if different 
from mailing address 

Municipality County 

2. If a subsidiary, name 
of parent co. 

3. Identification number (if applicable) I I I I I I I I I I I I I 

4. Company contact person 

Name title 

Phone no. 



. 

MODULE 1. PAGE 2 

I 
II. WASTE DESCRIPTION (Must be completed by Generator) 

A. General Properties 

I. pH range to (based on past analyses or knowledge) 

2. Physical state: 

a. a liquid (less than 20% solids by c. 0 solid (equal to or greater than 20% 
dry wt. or flowable) by dry wt. and non-flowablel 

b. 0 gas (ambient temperature and d. 0 Check here if c. above was checked 
pressure) and waste contains free liquids. 

3. Physical appearance: 

Color Odor 

Number of solid or liquid phases of separation 

Describe each phase of separation 

4. U.S. DOT proper shipping name UN/NA number, and hazard class (if applicable): 

5. Typical volume of waste to be shipped to treatment storage or disposal facility: 

a. Monthly gal., tons (circle one) 

b. Annually gal., tons (circle one) 

6. Treatment or disposal frequency: times per year; 0 one time 

7. Current volume to be shipped to treatment storage or disposal facility 
gsl., tons (circle one) 

8. a. IS the waste a hazardous waste as fined in 75.2617 0 Yes 0 No 

b. If ves, describe the hazardous waste according to its description and hazardous waste 
number in 75.261. 

9. Has the waste been delined as a hazardous waste by DER? 0 Yes 0 No 0 N/A 
If yes or N/A. check the appropriate boxtest in Item 10. 



MODULE l.PAGE 3 

DATE REVISED 
DEPARTMENT USE ONLY 

10. Is the waste a residual waste or a delisted hazardous waste? El Yes cl No 
If yes. check the following boxles) as applicable: 

0 slag 
0 foundry sand 
0 SO, scrubber sludge 

discarded commercial chemical product 
tank bottom 
offqecification species 

manufacturing chemical intermediate 
still bottom 
spent catalyst 
flyash 
boftom ash 

0 

0 
0 
0 

0 
cl 
L7 
0 
0 

0 

process waslte 

infectious wa*re 
baghouse dust 
wastewmr treatment glsn residue (industrial) 

wastewater treatment plant residue kwagc) 
water treatment plant residue 
incinerator residue 
acid mine drainage treatment sludge 
spill residue 

other (specify) 

B. Chemical Analyses - Please attach the following: 
1. The results of the total analysis of the waste as described in the instructions. 

2. The results of the leaching tests as described in the instructions and the leaching method. 

3. A description of the sampling method. 

4. The range of concentrations of the constituents based on knowledge or past analyses. 

C. Process Description and Schematic - Please attach the following: 
1. The substantiation for a confidentiality claim as described in the instructions, if portions 

of the information you have submitted are confidential. 

2. A detailed description of the manufacturing and/or pollution control processes producing 
the hazardous or residual waste as specified in, the instructions, 

3. A schematic of the manufacturing and/or pollution control processes producing the 
hazardous or residual waste as specified in the instructions. 

III. Liner Compatibility Evaluation (must be completed by TSD facilitvl 

Attach the results of the liner compatibility evaluation or supporting data as specified in the 
instructions. 
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MODULE 1, PAGE 1 

IV. PROPOSED TREATMENT, STORAGE, AND/OR DISPOSAL METHOD (must be completed by 
TSD facility. Use additional sheets if necessary.) 

A. Proposed Treatment Method 

B. Proposed Storage Method and Length of Storage 

C. Proposed Disposal Method 

V. ALTERNATIVES TO PROPOSED TREATMENT AND/OR DISPOSAL METHOD (must be completed 
by generator. Use additional sheets if necessary.) 

A. What Other Treatment, Disposal, Recycle, Reuse, or Reclamation Method(s) Can be Used? 
Briefly describe viable alternatives to your proposal. 

B. Why was the Treatment and/or Disposal Method in Section IV Chosen? 
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MOOULE 1. PAGE 6 

, 
DATE FREFAREO 

*I3 DATE “EVISED 

VI. CERTIFICATION OF GENERATOR 

I certify under penalty of law that I have prsonally examined and am familiar with the information submittad in 
this and all attached documents, and that based upon my inquiry of those individuals immediately responsible for 
obtaining the information, I believe that the submitted information is true. accura~c and complete. I am awara that 
there are significant penalties for submitting false information. including the possibility of fine and imprisonment. 

Name of Responsible 
Official 

Signature 

Title 

Date T.k.“. *WV,” .“d I”br.lbd b.‘Ol. nm, elll 
n 

-.--I Of LLD. 19 - NOTARY aE*L 
\/-- 

VII. CERTIFICATION OF REGISTERED PROFESSIONAL ENGINEER FOR TREATMENT STORAGE 
AND/OR DISPOSAL FAClLllY 

This is to certify that I have personally reviewed all engineering information contained in the accompanying 
modules, drawings, specifications, and other documenn which are part of this application and that I have found 
it to be of good engineering quality, true and correct. and is in conformance with the requirements of the 
Department of Environmental Resources, and it does not. tp the best of my knowledge, withhold information 
that is pertinent to a determination of compliance with the requirements of the Department. 

NOTICE: It is an offense under Psnnsylvania Crimes Code tp affirm a false statement in documents submitted 
to the Depamnent. 

Name 
I 

Signature 

Date 

Address 

I 

SEAL OF PA REGISTERED 
I 

PROFESSIONAL ENGINEER 

Phone No. 

-I 
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, INSTRUCTIONS FO6 COUPLETIN DOULE 1 

9ED”ES’ FOP PPPPDVPL :c ‘*EAT, STORE. DR D*sPDSE DF * 
HAZARDOUS DR RESIDUAL WASTE STREAM 

,Forn ER-SUM-(4) 

IYPORTINT: P..d .I, ln.tr”ctlon, C.P.,“ll~ b.fW. eow1.trn* ln00”l. .n* lubnit Only one 
w..t. l tP.‘m P.P mPaul9. 

SECTION I - GENERAL INFORMATION - mmlt .xpl.n.tory. 

SECTION II - WASTE DESCRIPTION 

a .,. G.nr.1 FPOp.rt1.s 

13. 

14. 

as. 

Omscr~b. th. SOlor .nd odb~ ot th. ,“.st.. (This qumstion 1s rubjmctlvm.) 
For mxmmpla. grmy. rolvmnt oaor. Entmr n”mb.r of molld Or l,q”,d Ph.... 01 
t.P.r.tlO” .“Q CI..fr,b. ..ch pi-,.... For .x.mp,.. 2 Phmmms of Iwmrmtlon. 
on. eolld .rtd on. Ilquld. 

Provlti th. pr0p.r U.S. DOT snlpptog n.... UN/N* n”“3b.r .“d hm-zmrd Cl... for 
tn. r**t. mtt-..m. For .x.mp,.. sOlv.nts. “wt.. n.o... (t01u.n.. YEK. 
butmnol). UN 1996. tl.mm.bl.. 

a. Chmck y.. ,t th. w..t. mtr..m ,. . h.z.rdO”. w.‘t. . . dmmcrlbmd In 
75.261. 

b. I1 y.s. WSCP,b. th. w.st. by Its charactmrlstic [75.261(Q)I. tM “On- 
w.citlC or epw1flc source lists [75.261(h)(2) mnd (3)). snd/or th. 
commarcia1 chmmical p~od”ct OP m.n”f.ct”r,nQ chmmical intmrmmdiatm 
lists [75.261(h)(4)(v) and (vi)]. Limt ml1 thm rm..Ons which Cm”.. th. 
wmt. to b. hm~mrdo”.. For mxmnplm. l pmnr PlCkl. l,quor from mtmml 
tl”iShl”Q Op.P.t,O",. K062. COPPOS~V. (0002). .M EP tOXiC (0007). 

Itmm 6. - Chmmlcml bmlysm* 

Th... mnalyr.‘ and t..ts must b. pm~10~m.d tot- ml1 tr..tf"."t and C1,mpOm.l 
mctivitims l xcmpt lnc~“.r.tion .“d thmreml tPm.tr0.m. *ot‘“‘tl.. utlltzlng 
SUP,.C. iWO”“d”l.“tS and ,,aSt. ~11.1 tOP StPF.Q. .P. .,‘P P.qU1P.d tO P.PtOPm 
th... tmsts an* .“alys.*. nnm~yticml ~rnq~~~rnmrnnts for tnc~nmrmtlon mnd thmrmml 
tP.atf”.“t Co” 0. 0btatn.d by GD”tllCtt”Q th. D.P.Ft,“.“t. 

Ill .“.ly..s r"bm1tt.d “,“.t spmcity th. “tmthod u,.d .“d .“y mpmc1.1 p~.PW.ti0”. 
d.vl.tlon from th. mmthor,. or’ pmrtinmnt obsmwmtlons. Th. Ymthod a‘ Standmr0 
nadltion must bm l mployma to tak. into account Intmrrmrmncms In thm matrix 01 thm 
S.Wl.. Sm. EPA’s m Mmthoat for Eval”.ttnQ Solid “amt. (SW-6461 or Y.thOES 
for Analvsls of Yat.P ana Ymrtms~PA-600/4-79-020). 

Thm Iaboratory pmrtormlng thm .n.lys$s n”.t l nploy thm qumlity ContPOl proC.dur.S 
d.mcr1b.d 1” EPA’s Handbook z ..na,ytlcs, guallty 
Wm-Lab0ratori.r (EPA 600,4-W-0,9). Th. pPOC.d”P.. .“d doc”rrl.“tatton Of 
tk. qumllty control ~POO.~“P.~ must b. .v.~l.b1. ,or I”.p.ctlo” lf rmaumstmd by 
th. ompmrtmmnt. 

“9. Tot.1 m.1y.1. Of mm w.,t. - Th,, l mly‘ls nu,t lnclud. tl-8. tolloY,nQ 11.t 
0, P.P.m.t.PS (m-n) ““1.~ th. g.".,-.tOr C.Pt+f,.. 1” W‘tl”Q th. .bS."c. Of 
th. P.r.m.t.PS b.,.d on h,. k,XW,.dQ. 0, the ,“.IUf.Ct”ri”Q Or POll”tl0” 
COntPOl pPPC.**.*. *o*ltlo”al p.P.m.t.rs. If n.C.*s.Py. r0u.t b. analyzma to 
comPletely Ch.r.ctmr,zm tn. wastm. Emch .“.lysis sh..t m".t Includ.: u 
2 saWll”q, data of anslysls, “am. of lmboratow pmrformtng m, and 
1abOPetO~” contect u and m number. Rmport th. mnalyrms I” nQ/kg 0” 
e dry “.lQht ba.,S ‘Or ,o,,df or I” mtor ,,‘,“,dS. PP aS Oth.Pb’il. 
fpmclfimd %” c1t.e m.tno*. 

NO ti”Q,. a”C.l,‘ttCZ,l method 16 app,,s.bl. +.X a,1 Ymet. StP..t”S c%“d Sot”. 
nodlt,c*ttons may b. “.C.,**Py ‘OF ““u.“aI w.*t. typ.*. Any mPdlllC*tlP”. 
~P”.“.P. III”.t b. .PPPP”.Q by th. O.p.rtM”t. 

If th. t.Wl. 1s Of ““known OriQ,” Or CM,-.Ct.rlStiCI CO”t.Ct th. o.P.rt”.“t 
.t (717) 767-7361 prlw to mmlysls. 

a. Tot.1 R.*id”. 

1 ‘iq”rd - EPA-600/4-79-020. Mathod 160.3 

11. SOlld - Std. Ymth. 11 2. MathOd 206 6. PP. 96-96 



b. Tot.1 DI,,OIY.o 501~0, - L10110S U”lY Lr.--W,.-I--Y.Y, -,I.“” I.“, a. 

c. VOI9tllD nwidw on TotAl R66,du. lrrpfa . . I. awvm) 

I LiWid - EPA-600/4-79-020. Y.t,wd 160.4 

II. SO116 - m Yet!? IP Ed, hi.tnoa 209 G. OP. 96-96 

d. P” 

I Liquta - EPA-600/4-79-020. L1.tre.d 150., 

ii. Solid - 40 CFR Part 250 (won. Dec. 16. 1978). Part I”. 
APp.na~x IV. Metnods for Det*rmr”rng soi1 on. p.59022 P.f.r.“c.: 
~YefhOoS Of soil *“*lyfrl” Pam II Chemroal ma YicrobioIogic~I 
P~-o~wties C. Ai. B1ack Ed. CPmer,csn Socts?y ot Agronomy). 1965. 

. . Cy.nid. - EPA SW-646. M.thpd 6.55 

f. 011 .“d OP..,. 

I. Liquicl - EPA-60!,,4-79-020, Y.t,nd 4t3.i 

ii. Solid - Std. Math. 14 K, Y6thOd 502 D. pp. 5,S-520. 

P. AllllO”irl-N,tPOge” - Ltqulds Only EPA-600/4-79-020. ,A.t,,od 350.1 or 350.2 

h. PMnolicS - LiquiQS Only EPA-@X/4-‘IS-020. YOtMO 420., or 420.2 

1. Total 11.2.16 - EPA SW-646. Gw’,.Pal R6qUiP*r..ntS. Method 9.49. .M EPA- 
600/4-79-020. Ymtals (AA bhthods). Suction 200 

I. AP9e”lC. EPA SW-646. M.thod 6.51 

ii. 8arium. EPA, SW-646. Method 9.52 

iii. CadMUm. EPA w-646. Method 6.53 

4v. Chromium. EPA SW-946. Y.thod 9.54 

v. L6ad. EPA SW-646. Y.thpd 6.56 

vi. MWCUPY. EPA W-946. Y.thod 6.57 

-vi, Nick-l, EPA W-646. Y.thod 6.56 

viii. S619nium. EPA w-946. Mathod 9.59 

ix. Silvar. EPA SW-646. Method 6.60 
- 

x. C-r. EPA-600/4-78-020. M.thod 220.i 

xi. Melyb,.rwm. EPA-600/4-79’020. M.thod 246.1 

Xii. Zinc. EPA-600/4-79-020. Nothod 289.1 

j. Orgmie~ - “.st.m nu,t ba t.*t.d for SpoCiflC .O,Y.“t*. po*tiC*d.s. or 
0th.P OPW”iC c0”8t,t”.nts k”OYn tp b. US6d Or p~0duC.d 46 . PPOd”Ct Or 
byproduct in th. proc.ss that gmwatDd tha w.‘t. l tr..m. For mmttmds 
of analy9,9 tar 9p.fitlc cpap0~nd9 ret9r tp 75.261 Tab,. A. p.75.66 and 
EPA’6 m Ilrthods z E”aluatinp Solid Waste (SW-646). or 0th.r 
pml,shad pPOC.d”P.*. DtMr ,“.thods or mOdiCiCati~ns may b. 6CC.,,t~bl9 
if .wro”.d by th. D.p.rtm."T. contact t)U Dapartmont at (717) 797- 
7361 fOP suon approval. 

k. H9*ting va1um 

I. Solid - ASTM Methods 02015. D3626 

ii. LtW,d - ASTM M.thcU 0240 

1. Ignitab,lity - T-St as d.,c~,b.d In 75.26, or wbm‘t c.rt,C,Cat,On ti?at 
“.lt. 1s not ignltebl. 

m. COPPO~iVity - last as d0SCPib.d 1” 75.261 Or B”b,r,,t c.rtit,~.t,O” ti7.t 
w.st. is not coPPosi”e. 
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n. R~.cttvitY - TWt . . d.WP1b.d I" 76.261 OP SUM11 C 
I.,*. is not P..CII”.. 

Ml. i.*shrng lasts 

TO d.rn0n.tP.t. . “.sf. str..n (‘ or IS not t-,.Z.Pdo”. Dy ’ 
Ch.r.Ct.Pl.tiCS, US. tn. EP Toxlclty Ext~.ct,o” Proc.durk 
75.261. APPW-sdtx 11 only for p.r.“i.t.r. I1,t.d in ?5.26’, 
Codi.PO#.l 01 . u.,t. .t~..m with I”u”,c,~., r.fu... -.ne T 
Extr.ctlon PPOC.~W. or tn. ASW R.tl,oo 6 L..sn?“g PCOCP 
For ..gP.g.t.d d‘,pO..l 0‘ . “..t. .t~..m. .,th.r tn. AS- 
or th. EP TOxlcIty Extr.ctlon PrOf.d”P. ,..~rYt. m.y 0. ” 
lhO”ld b. 0O"d"Ct.d 0” ,.“!01., I” the COnditlO” ?n wn’c- 
trmtmd. Ito~.d or d,,pos.cJ. 

Tim tollouIng con,tit”.nts .nd p.r.m.t.r. .P. P.qUtr.d I- 
.Nly.$. unl... th.y .r. not pr.*.nr rn th. total .n.lys’ 
.“.ly$iS Of th. w..t. lndic.t.6 1~s tn.” 0.001 ng/kg or 
pi”.” con‘tit”.nt or p0P.m.t.r. than tn.* SOn.titY.“t or ! 
b. .“.IyZM. R*port 011 rmmulta in mg/l OP l s othrr~se 
method. 

a. Ott- EPA-600/4-79-020, M.tFod 150.1 r.pa-t .‘ pH un. 

b. Oil m-id Gr.~s~ - EPA-600/4-79-020. ll.thod 413. t 

5. AWont.-NttP0g.n - EPA-6CG/4-79-0’20. Y.thad 350.1. c 

d. Ph.no1icl - EPA-600/4-79-020. Yetnod. 420.t. or 42C. 

. . cym I tie - EPA W-846. Y.thod 6.55. 

,. T0t.l Y.t.1. - EPA SW-646. g.n.r.1 R.qu1P.m.nt.. Mei 
600/4-79-020. Mat.,, (AA M.thod.). S.otion 200, 

I. 

ii. 

+ii. 

I". 

Y. 

"I. 

"I,. 

"iii. 

ix. 

x. 

x1. 

xii. 

xii,. 

Xi". 

Antimony. EPA SW-646. Method 6.50 

AP..n~c, EPA W-946. M.ti,Od 6.51 

SoPlum. EPA. W-646. Mathod 6.52 

C.dnlum. EPA SW-846. L1.thOd 8.53 

Chromium. EPA W-646. Y.thod 8.54 

H.x.v.l.nt Chromium. EPA 6W/4-79-020, Y.tnoa ; 

L..dr EPA W-846. Y.t”od 8.56 

M.PCUP,‘. EPA SW-646. N.t”od 9.57 

Nickel. EPA W-946. “.t”Od 8.58 

S.l.nium. EPA W-646. Awthod 6.59 

Sil~.r. EPA W-646. M.th+d 6.60 

C0PP.c. EPA-600/4-79-020. M.tiWd 220.1 

Molybdenum. EPA-600/4-79-020. Y.tiwd 246.1 

Zinc. EPA-600/4-79-020. M.thod 269.1 

9. Orgmics - FOP !".ti7OdS of .".ly~is for sp.cifiC corn: 
75.261 T.bl. A. 
m (W-846). 

p.75.68 .“d EPA’. Test Method. for : 
Or Oti7.r pub1,Sh.d PFOC.~UP~S. x6 

.CC.pt.bl. it .PprO”.d by th. D.p.rtm.“t. 

h. Tot.1 Org.nSC Ha1og.n - Ad.orpt~on with ~~CPOCOU~O~~ 

I. con - EPA-600/4-79-010, Y.thod 410.1. OP 410.4 

j. TOC - EPA-6W/4-79-020. Net”oci 415.1 

k. Tot.1 VOl.til. R..1du. - EPA-600/4-79-020. Y.thO@ 

.c.tion ttut 

city 
‘SC?ib.d I?, 
3 t. For 
‘City 
:Y be “I.0 
-cd A 1a.cn.t. 
The .N)y8.. 

1Pe to 0. 

i*.eiutm 
it th. tot., 

W/l ‘OF . 
~c?;r n0.d not 
f1.d 4” 

1.2. 

i.40. OM EPA- 

5. ?.f.F to 
atlna so1ra 
tiwa6 nl*y M 

d.t.ctio” 



13. D..CP,PtlOn 07 tM ..“c,l,“Q 8%.,Md - TIW pr0C.d”r.s c,,t,in.d I" A-r~ltr 1 
of 75.261 must M to)lowmo when ..ngllng w..t. .tr..m.. 

1t.m c. - Proc.fs D.ccrr~tron sna Scn.m.t~c - PI.... .tt.w to tn,. moarl. tn. fo,lo.,,,,g: 

11. Corltra.ntlsi!ty Claim I!f *ny, - Inform.t,on *uom,tt.O to tn. D.p.rtn.nt 7” 
this POPtlOn Of the modul. m.y be Clarmea .s cant,o.nti.l by tn. l ppltcont. 
If “0 ~,a,“! i‘ naa. at tne tin. 09 ‘"b",,‘s,O". t,l. D.P.rtt”.nt Sh.11 n..k. th. 
I~tOP~.tiO~ .“.il~OIC to th. D”b,,C Yit,‘,O”t 9Wth.c FaOtiC.. 

CI.tm* Of Contiacntlality Shall .dd?.S, ttl* folloring: 

6. The poPtlo”f of tM ,ntOW”.tion ~,.,“,.a to 0. CO”tld.“ti.l 

b. The Imgth Of trme the inform.t10n 1‘ to rmml” contld.ntl.1. 

0. Th m..‘“r.‘ t&an to **i-a *g.in‘t “nda‘il-M d~.cIo‘“r. Of the 
i”toPm.t,O” to 0ti-l.r.. 

d. The .xt.“t th. i”tOrm.tlO” ho‘ b..” diSClO1.a to 0th.P. .“d tn. 
pr.c.“tlO”‘ t0k.n I” CO”“.ction u,ti, tMt di‘CIOSu,-.. 

. . A Copy Of p.PtiM”t COntid.ntl.lity d.t.PmirYtion. by EPA Or .“y 0W-a.~ 
tMar.1 *wncy. 

t. The MtUP. of th. S”b‘t.“tl., h.rm to th, comp.titiv. pOsit~0” by 
dl.ClOSUr. of th. intOPm.tiOn. th‘ ~..Son‘ it Mb,,ld b. v1.w.d .‘ 
wbSt.nti.1 and th. ~.l.ti0n.!3ip b.t”..” th. di‘Clos”r. OM tH ~.PII 

x2. Oe‘criM t”e MWt.CtuPing proc.“ “hi~i’t pr0d”c.d th. “Oct. and on,’ 
pOll”t,O” COntrO, msthods in”Ol”ad. Thi‘ must i”CIYde tm? row cll.t.ri.,s 
“..d I” t”. PPOC.SS. any if3t.Pm.di.t. product. fewed. fln.1 pPOd”Ctf, and 
."y S"b‘ta"C.‘ 0dd.d durtng treatmmnt. For sx.nDl.: 

*Rm‘ol Ra‘in i4.nut.ctur.* 

‘Th... P~SI”‘ a~. t0Pm.d by P+Ctl”g ph.,,,,. OP . submt1tut.d eMno w,th 
tOPl”.ld.hyd. lhich COnt.i”‘ .n ..O..S of ,orV”.ld.hyd.. A” .lk.lt (Wdi”m 
hb’dPOx,d.) $S “..d to C.t.lyZ, th. pO,ym.Pit.tion “high t.ka‘ p1.e. .t 0 pH 
Of bet".." 8 and 11 OM .t 0 t-P.tw. of 6O’C. 

WMfl the dellred d.gP.. Of POIyl”~PiZat,o” MS OcCwPed. the kettle I‘ 
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APPENDIX VIII: Letter from Coal Tech Corp. to PA DER, 
Bureau of Solid Waste Management, initia- 
ting Disposal Permit Application Process. 

COAL TECH CORP. 
P. 0. Box 154 

Merion Station. PA. 19066-O I54 
(215) 661-0442 

ATTACHMENT II 
April 7,1987 

Mr.Wayne Billings 
Bureau of Solid Waste Management 
Department of Environmental Resources 
Cosssonwealth of Pennsylvania 
200 Pine Street 
Williamsport,PA 17701-6510 

Dear Mr. Billings: 

As per our discussion in your office on March 26,1987, this letter is a 
request for written confirmation by DER of our proposed approach to meet the 
environmental requirements relating to solid waste disposal from Coal Tech’s 
coal combustor tests at the Keeler-Dorr Oliver plant in Williamsport. 

Coal Tech is currently engaged in a two year, 3 Phase effort to 
demonstrate the technology of an advanced coal combustor capable of 
simultaneous removal of NO and SO gas emissions to meet New Source 
Performance Air Quality St&dards.2 The combustor will be tested on a 23 million 
BTU/hr boiler located at the Keeler plant. The project is sponsored in part by 
the US Department of Energy as part of the “Clean Coal Program”. Additional 
sponsors are: The Pennsylvania Energy Development Authority, and the 
Pennsylvania Power b Light Company. PPbL is providing 900 tons of PA Freeport 
Seam coal for the test effort. 

SO2 control is accomplished by injecting limestone in the combustor, 
where is reacts with the gaseous SO2. The reacted limestone is then dissolved 
in the liquid coal ash (slag) lining the combustor wall, and the mixture is 
drained from the combustor and quenched in a water tank. The solid 
lime-sulfur-coal slag mixture is to be disposed in an appropriate solid waste 
disposal site. It is anticipated that 170 tons of solid waste will result from 
the 900 hours test effort, in the period from mid 1987 through 1988. 

This Project is divided into 3 Phases. In Phase 1, which began in February 
1987, consists of the design of the test effort and the acquisition of the 
necessary environmental permits to implement the test effort. Phase 2 consists 
of test facility modifications and short duration testing at the Keeler plant 
in Williamsport. The latter is scheduled for the late summer of 1987. Phase 3 
is the core of the project and it consist of 900 hours of test which are 
designed to demonstrate the technology. The 170 tons of solid waste will be 
generated in Phase 3. 

We understand that to dispose of the solid waste, a Module 1 application 
must be prepared in conjunction with the operator of the disposal site. After 
approval by DER, the disposal site permit is modified to permit storage of the 
waste stream. 
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LOAL TECH CORP. 

/,’ Page 2 April 7,1987 

Antiiipating that the tests to be performed on the slag in Phase 2 of the 
project will result in classifying the slag as a non-hazardous waste, we plan 
to utilise either the Lycoming landfill or the regional landfill used by PPbL 
for ash disposal generated by its local power plants. However, we are prepared 
to utilize other disposal sites, if the Phase 2 test results indicate that an 
alternate disposal site, {e.g. a hazardous waste site), is required. During 
Phase 2 ? the quantity of solid waste generated will be so small that it can be 
temporarily stored at the Keeler site in several drums. 

Our confidence in the non-hazardous nature of the slag is based in part on 
prior tests by CoalTech oh coal slags produced by cyclone combustors, which 
showed that trace metals did not leech from the slag. With regard to sulfur 
retention in the slag, the form in which the sulfur is bound in the slag 
affects its reactivity. This sulfur retention is a function of the combustor’s 
operating method. Therefore, the tests necessary to complete the Module 1 
application, cannot be performed before the combustor is operated in Phase 2 of 
the project. I should note that based on other experimental data on sulfur 
reactivity in slags, we believe that it will be retained in the slag. 

The DOE contract requires written documentation that the permitting 
process has been initiated in Phase 1 of the project. Therefore, the purpose of 
this letter is to document that this process has been initiated by contact with 
your Office and~by written confirmation by DER that implementing of the 
procedure described in this letter will result in a permit for disposal in an 
appropriate site. The proper site will be dictated by the test results obtained 
in Phase 2. 

In conclusion, a written confirmation by your Office that the above is the 
proper procedure to be followed for approved solid waste disposal will allow 
Coal Tech to meet the requirements for Phase 1 of the project. This will enable 
us to proceed to Phase 2, where the necessary data will be obtained to be used 
in the Module 1 application. 

Thank you for attention to this matter. 
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APPENDIX IX DRAFT 
TESPMETHODTOIET~INEM[m~NCIANIP:~YJDW~N 

SULRIE REIJSSED PRO4 WSTSS 

1. scope and Application 

1.1 

1.2 

1.3 

l?iis mtbd Ls cpplicabls to water, wastedater wd imiustrial ’ 
wastes. 

Thismetbd prarides a fast and simple metbd to &Aeunine if a 
wsste is reactive weste a9 a result d its tendency ta release 
toxic levels of lydorqen cyanide or lydrqen sulfide upon contact 
with acidic mediun. The approach is based on a reaex~le"~rst 
ce& dispsal scenario. 

Thismetbd isdesigned tomeaswe only the bdrcgen qanide an-l/or 
hydrogen sulfude gas emlve3 attheteetconditiom anl not to 
reflect the btal concentration d tbsegases,ortbir~eaxsore, 
in tb3 sanple. Variations in tennperatlre, ionic stremh anO total 
volunm d the test sclutionwillaffect ths anwnttigas wol=d. 
The total volunm d aAution is kept constant &omtest tmtest. 
Ionic strength is rrt controlled as it is an it-i-went pxgerty of 
each waste. In this wttod, test solutions are not purged with 
agas becaxe this wuld rrX reflect dispxal corditiors. 

2. SlmlnarvOf Matw 

, 2.1 %n alfquDt d the wa8te is acidified to pY 2 in a close-l systen. 
Tim gasgeneratedis swept frcanths reaction chanberusirg 

,' a punp and &SOrtEd in a W solution. The cyanide ion in tb 
&stxption solution is quantitated by btetl-od 9016 startiq with 
strip 7.3.5. 

2.2 ;The titrimetric measwwn8nt uses a atamlati solution of ailvar 
.___. nitrate to titrate cyanide in the presence of a silva-nsitive 

irdicakx. 

3. S-la Handlirx3 and Pt’eSerVStiOn 

3.1 Susples contafniq, or suspected d containiq sulfide or a 
cusbination of sulfida and cyanide wastes, should bs collected 
with aminimun of aeration. The sanple bottle sbuld be filled 
canpletely, excludiq all head spaze, and stapparad. Analysis 
sbuld anunsnce as 83on as pxsible; and sanples stmuld ha kept 
in acccl, dark plse rntilanalysis begins. 

3.2 Smnples containiq or suspct@l cf containiq cyanide wastes witbut 
the presence d sulf ide conpounds,can be p-eservedif analysis 
carma bqin lnmdiately. Sunples are p-esetved bysxljustiq tbn 
to pH 12 with strong e3dium bydroxib solution and storiq then 
in a cccl, dark place. 
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5. 

. 
3.3 IMtecninatiow should be performed in avell-ventilated hood. 

Apparatus 

4;1 

4.2 

4.3 

4.‘4 

4.5 

4.6 

4.7 

4.8 

4.9 

4.10 

Threeneck, rwrrd-botton flask with 24/41) grwnd-glass joints, 
25O-ml. 

Magnetic stirrer bar with magnetic stirriq apparams. 

separatory fvvlel vith pcess\pe-equilizing ta ati 24140 grourd- 
glass joint, 1251nl. 

Straight, glass adapter tubes vith 24/40 grwnd-glass joint ard 
mhber adapter sleeve, 2 each. 

Flexible tubing to make connection fron detector tibe to pwq+ 

Microburet, 5.0 ml (for filtration) 

pH meter etd pH electrode of sufficient leqth bo rezh liquid 
level (qproximately 18 an). 

Rrmp capable d pulliq 60 + 3 ml per mirute MSA Corporation 
Itode1 C-210 or equivalent). 

Wbble meter for calihratiq PIEIQ 

Stqvatch. 

Reagents 

5.1 

5.2 

5.3 

5.4 

5.5 

Sulfuric Acid, H2SD4 1 N. 

Cyanide Reference Solution: Dissolve appoximately 2.5 g KJYl ard 
2.51 g Km in one liter of distilled vater. Cyanida concentration 
in this mlution is 1 n&l. 

Sulf ide Reference Solution: Prepare frun Crptal d eodiun 
sulfide as described in Method 376.2 (Sulfide, Calorimetric, 
Methylene Blue) Section 5.8 of ‘MethMs for Chemical Rnalyeis of 
Water en3 Waste,. EPA 600/4-79420, Narch, 1979. The solutionmay 
by standardizad & the titrineter iodine I&ttrxl 376.1 d the sane 
phlication, although this is not rquircd. 

Dilute sodium hydoxida solution, 0.25 N: Dilute 200 mL d sodium hydroxide 
eolutlon (5.1) to 1 liter vith distilled water. 

Sodiuin hydroxide solution, 1.25 N: Dissolve 50 g N&fI in distilled water 
ard dilute to 1 liter vith distilled water. 
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5.6 

5.1 

5.8 

5.9 

5.10 

5.11 

5.12 

Lead metate bJffer:Dis?olve 172.6 gt~ Ied acetate, 
WC2H4 

O.6 
1’3H20 in 950 ml of vater arrj djust pY to 4.5 

with rce ic acid. 

Shock cyanide cDlution, 1 ms/ml;: Dissolve 2.51 g KCN 
and 2 gm l0H in 1 liter of distilled rater. Standardixed vith 
0.0192 N A&W-j. Dilute bo cpIrcpriate concentration eo that 
llTlL=WlgCX 

Stardarrf cyanide mlution, intermediate 50 @L: Dilute 50 IT& 
of stock eolution (5.7) to 1 liter with distilled water. 

Starrlard cyanide solution, 5 me/L: Prepare fresh daily by dilutiq 
100.0 mL of intenvadiate solution (5.8) to 1 liter vith distilled 
vater ad stare in a glass-stoplzered bottle. 

Standard silver nitrate eDlution: Prepare by cmshirq app.oxinurtely 
5 g d AgNC+, crystals ard dcyiq to constant veight at 4nY. 
Weigh olt 3.2647 g dried &IQ, dissolve in distilled water, 
and dilute to 1 liter (1 mL = mg 0J). 

NxAanine irdicabx: Dissol* 20 mg p-dimettylaninobertaaltianine 
in 100 mL of acetone. 

Metbl r6l indicator: 
ad 40 FL acetic acid. 

Prqare 0.02 g dtssllved in 60 mL water 

6. Systen Check 

6.1 The -ration & tlse systen can ta &e&ad usiq the cyanide or 
sulfide reference solutions. The reference solutions can be 
used to verify eysten qeration; ard replicated can ba ewpectd 
to agree to within q?p-oximately f 20 percent. 

7. Procedure L 
7.1 Place 10 g d the material to analysed into a beaker. In a vell- 

ventilated hood, aJd qpFroximately 80 ml of cleionized mter ard 
detenine the anount d 1 N H$Q rquird to idjust the mlution 
pH to 2.0. 

1.2 Add 500 ml of sodim hydrcxide (5.5) to the second (CW 
absxbiry tube ad dilute, if necessary, vith distilled vater to 
obtain and adequate depth cf liquid. 

1.3 ?b the first absorber, (sulfide) add a solution conpuaed of 
100 ml d the lead zetate hrffer. If necessq make up the 
volwne with distilled water. 
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7.4 

‘7.5 

7.6 

7.7 

Calibrate tk png, in line tn a fler of 60 + 3 ral/min usiq the 
bhble wtet attached to the punp out&t. ii3asm tM flmf 
before ad after the test pried. 

Place a second 10 g aliquot d the waste into the 25Ml 
rwrd-b&tan flask. Md WonLed vater in an mount m that thE, 
sun d the wlme d mater ard the wAum of 1 N H2%&, rquir=! 
for pH cdjustnent, will equal 100 ml. Solid sanples require a 
certain amunt d dilution b reach a slurry state Q that the 
sid may contact all prrions d tb sanple and 83 that stirring 
may t&e place. Maintain the rPlut.ion tenperabxe at 3VC. 

,&wxdAe the apparatus as shnm in Pigrce 1. 

eegin stirriq the sanple; ard mke sLoe all connsctions are 
tight. 

Maintain tb test mlution at @l 2.0 usiq the 1 N r4rSI4. 

After 30 minutes, step the punp. 

7.10 Wash arxI quantitatively trtifer thz pecipitate in the first 
ecmber. c&ermine the sulfi& starting with Step 7.2 of 
Metbd 9030. 

7.11 Determine the cyanide in the secoti &orbr startirg with 
Step 7.3.5 of &tbd 9010. 
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8. Calculation 

8.1 Usiq the titrink3tric prdure, calculate the concantration ~4 
ad as folloue: 

(A-B)(lOOO) (100 mLI 
CN (mg/L) = (mL of original smple) (mL of aligwt titratedr 

vhere: 

A = Volum d AgN$ used for titration d smple 

A = Volum d AqNq us& for tttratfon cf blark. 
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APPENDIX X.: : EP TOXICITY TEST PROCEDURES (a) 

d- 2.1.4 Extraction Procedure Toxicity 
I 

Introduction 

The Extraction Procedure (EP) is designed to simulate the leaching a 
waste will undergo if disposed of in a sanitary landfill. This test is 
designed to simulate leaching that takes place in a sanitary landfill 
only. It is a laboratory test in which a representative sample of a waste is 
extracted with distilled water maintained at a pH of 5 using acetic acid. 
The extract obtained from the EP (the "EP Extract") is then analyzed to 
determine if any of the thresholds established for the eight elements 
(arsenic, barium, cadmium, chromium, lead, mercury, selenium, silver), four, 
pesticides (Endrin. Lindane, Methoxychlor, Toxaphene), and two herbicides 
(2,4,5-trichlorophenoxypropionic acid, 2,Gdichlorophenoxyacetic acid) have 
been exceeded. If the EP Extract contains any one of the above substances in 
an 'amount equal to or exceeding the levels specifiec in 40 CFR 261.24, the 
waste possesses the characteristic of Extraction ?ic:edure Toxicity and is a 
hazardous waste. 

Summary of Procedure 

The Extraction Procedure consists of five steps (refer to Figure 1): 

1. Separation Procedure 

A waste containing unbound liquid is filtered and if the solid 
phase is less than 0.5% of the waste, the solid phase is discarded ard 
the filtrate analyzed for trace elements, pesticides, and herbicices 
(step 5). If the waste contains more man 0.5% solids, the solid phase 
is extracted and the liquid phase stored for later use. 

2. Structural Integrity Procedure/Particle Size Reduction 

Prior to extraction, the solid material must pass through a 9.5-mm 
(0.375-in2) standard sieve, have a surface area per gram of waste 
of 3.1 cm , or, if it consists of a single piece, be subjected to the 
Structural Integrity Procedure. The Structural Integrity Procedure is 
used to demonstrate the ability of the waste to remain intact after 
disposal. If the waste does not meet one of these conditions it must be 
ground to pass the 9.5-mm sieve. 

3. Extraction of Solid Material 
- 

The solid material from step 2 is extracted for 24 hr in an 
aqueous medium whose pH is maintained at or below 5 using 0.5 N acetic 
acid. The pH is maintained either automatically or manually. (In 
acidifying to pH 5, no more than 4.0 g of acid solution per g of material 
being extracted may be used.) 

+ 
/ a) From EPA-SW-846, Second Edition,Section 4.1.4 



2 / CHARACTERISTICS - EP Toxicity 
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Figure 1. Extraction Procedure Flowchart. 
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Introduction; Regulatory Definition / 3 

4. Final Separation of the Extraction from the Remaining Solid 

After extraction, the 1iquid:solid ratio is adjusted to 2O:l and 
the mixed solid and extraction liquid are separated by filtration. 
the solid is discarded and the liquid combined with any filtrate obtained 
in step 1. This is the EP Extract that is analyzed and compared to the 
threshold listed in Table 1 of 40 CFR 261.24. 

5. Testing (Analysis) of EP Extract 

Inorganic and organic species are identified and quantified using 
the appropriate methods in the 7000 and 8000 series of methods in this 
manual. 

Regulatory Definition 

A solid waste exhibits the characteristic of EP toxicity if, using the 
appropriate test methods described in this manual or equivalent methods 
approved by the Administrator under the procedures set forth in 40 CFR 260.20 
and 260.21, the extract from a representative sample of the waste contains 
any of the contaminants listed in Table 1 at a concentration equal to or 
greater than the respective value given in that Table. If a waste contains 
less than 0.5% filteraole solids, the waste itself, after filtering, iS 
considered to be the extract for the purposes of analysis. 

A solid waste that exhibits the characteristic of EP toxicity, but iS 
not listed as a hazardous waste in Subpart Cl, is assigned EPA Hazarcous 
Waste Numbers that correspond to the toxic contaminants causing it to be 
hazardous. These numbers are specified in Table 1. 
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METHOD 1310 

EXTRACTION PROCEDURE (EP) TOXICITY TEST.METHOD 
AND STRUCTURAL INTEGRITY TtST 

1.0 Scope and Application 

1.1 The extraction procedure (EP) described in this 
to simulate the leaching a waste will undergo if disposed 
designed sanitary landfill. Method 1310 is applicable to 
multiphasic samples. 

method is designed 
of in an improperly 
liquid, solid, and 

2.0 Summary of Method 

2.I !f a representative sample of the waste contains more than 0.5% 
solids, the solid phase of the sample is extracted witn deionised water which 
is maintained at a pH of 5 + 0.2 using acetic acid. The extract is analyzed 
to determine if any of the Threshold limits listed in Table 1 are exceeded. 
Table 1 also specifies the approved method of analysis. Wastes that contain 
less than 0.5% solids are not subjected to extraction, but are directly 
analyzed and evaluated in a manner identical to that of extracts. 

3.0 Interferences 

3.1 Potential interferences that may be encountered during analysis are 
discussea in the individual analytical methods reference3 in Tabie 1. 

4.0 Aooaratus and Materials 

4.1 Extractor: For purposes of this test, an acceptable extractor is 
one that will impart sufficient agitation to the mixture to (1) prevent 
stratification of the sample and extraction fluid and (2) ensure that all 
sample surfaces are continuously brou.ght into contact with well-mixed extrac- 
tion fluid. Examples of suitable extractors are shown in Figures l-3 of this 
method and Section 2.2 (Mobility) of this manual and are available from 
;;.sociated Designs & Manufacturing Co., Alexandria, Virginia; Kraft Apparatus 

Mineola, New York; Millipore, 
Mil&kee,~ Wisconsin. 

Bedford, Massachusetts; and Rexnard, 

4.2 pH Meter or pH Controller (Chemtrix, Inc., Hillsboro, Oregon 
is a possible source of a pH controller). 

4.3 Filter holder: A filter holder capable of supporting a 0.45-p 
filter membrane and able to withstand the pressure needed to accomplish 
separation. Suitable fi1te.r holders range from simple vaguum units to 
relatively complex systems that can exert up to 5.3 kg/cm (75 psi) Of 
pressure. The type of filter holder used depends upon the properties of the 
mixture to be filtered. Filter holders known to EPA and .deemed Suitable for 
use are listed in Table 2. 
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NonGogging Support Bushing 

L 1 Inch Blade ar 30° to Horizonrat 

Figure 1. Extracror. 
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4.4 Filter membrane: Filter membrane suitable for conducting the 
required filtration'shall be fabricated from a material which: (1) is not 
physically changed by the waste material to be filtered, and (2) does 
not absorb or leach the chemical species for which a waste's EP Extract will 
be analyzed. Table 3 lists filter media known to the agency and generally 
found to be suitable for solid waste testing. 

4.4.1 In cases of doubt, contact the filter manufacturer to 
determine if the membrane or the prefilter are adversely affected 
by the particular waste. If no information is available, submerge the 
filter in the waste's liquid phase. After 48 hr, a filter that 
undergoes visible physical change (i.e., curls, dissolves, shrinks, or 
swells) is unsuitable for use. 

TABLE 2. EPA-APPROVED FiLTER HOLDERS 

Manufacture? Size Model No. Comments 

Vacuum Filters 

? Nalgene 500 ml 44-0045 Disposable plastic unit, 
includes prefilter and 
filter pads, and reservoir; 
should be used when 
solution is to be analyzed 
for inorganic constituents 

Nuclepore 

Millipore 

47 mm 410400 

47 mm xx10 047 00 

Pressure Filters 

Nuclepore 142 mm 425goo 

Micro Filtration 142 mm 302300 
Systems 

Millipore 142 mm YT30 142 HW 
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Supplier 
Filter to be used Filter to be used 

for aqueous systems for organic systems 

Coarse ,Prefilter 

Gelman 

Nuclepore 

Millipore 

Medium prefilters 

Nuclepore 

Millipore 

61631. 61635 61631, 61635 

210907, 211707 210907, 211707 

AP25 035 00, AP25 035 00, 
AP25 127 50 AP25 127 50 

210905, 211705 210905, 211705 

AP20 035 00, AP20 035 00, 
APZO 124 50 AP20 124 50 

Fine prefi:ters 

GelmEn 

Nuclepore 

Millipore 

64798, 64803 

210903, 211703 

AP15 035 00, 
AP15 124 50 

64798, 64803 

210903, 211703 

AP15 035 00. 
AP15 124 50 

Fine filters (0.45 wn) 

Gelman 60173, 60177 60540 or 66149, 
60544 or 66151 

Pall NX04750, NX14225 

Nuclepore 142218 142218a 

Millipore HAWP 047 00, FHUP 047 00, 
HAUP 142 50 FHLP 142 50 

Selas 83485-02. 83485-02. 
83486-02 83486-02 

aSusceptible to decomposition by certain polar organic solvents. 
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4.4.2.1 Prepare a standard solution of the chemical species 
of interest. 

4.4.2.2 Analyze the standard for its concentration of the 
chemical species. 

4.4.2.3 Filter the standard and re-analyze. If the concen- 
tration of the filtrate differs from the original standard, the 
filter membrane leaches or absorbs one or more of the chemical 
species. 

4.5 Structural integrity tester: Having a 3.18-cm (1.25-in.) diameter 
hammer weighing 0.33 kg (0.73 lb) and having a free fall of 15.24 cm (6 in.) 
shall be used. This device is available from Associated Design and Manufac- 
turing Company, Alexandria, VA 22314, as Part NO. 125, or it may be fabri- 
cated to meet the specifications shown in Figure 4. 

5.0 Reagents 

5.1 Deionized water: Water should be monitored for impurities. 

5.2 0.5 N acetic acid: This can be made by diluting concentrated 
glacial acetic acid (17.5 N). The glacial acetic acid should be of high 
purity and monitored for impurities. 

5.3 Analytical standards should be prepared according to the analytical 
methods referenced in Table I. 

6.0 Samole Collection, Preservation and Handling 

6.1 All samples must be collected using a sampling plan that addresses 
the considerations discussed in Section One of this manual. 

6.2 Preservatives must not be added to samples. 

6.3 Samples can be refrigerated if it is determined that refrigeration 
will not affect the integrity of the sample. 

7.0 Procedure 

7.1 If the waste does not contain any free liquid, go to Section 7.9. 
If the sample iS liquid or multiphase, continue as follows. Weigh filter 
membrane and prefilter to to.01 g. Handle membrane and prefilters with 
blunt curved-tip forceps or vacuum tweezers, or by applying suction with a 
pipette. 

t 
/ 
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Combined 
Weight 
.33 kg (.73 Ibl 

,.._ 
I-![- .I I+$ (3.15 cm) 

- ll.Z”l 

l Elastomeric sample holder fabricated of marsrial firm enough 70 IYPPOI-I the sample. 

Fioure 4. Comaaction tester. 
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7.2 Assemble filter holder, membranes, and prefilters following the 
manufacturer's instructions. Place the 0.45-um membrane on the support 
screen and add prefilters in ascending order of pore size. Do not prewet 
filter membrane. 

7.3 Weigh out a representative subsample of the waste (100 g minimum). 

7.4 Allow slurries to stand to permit the solid phase to settle. 
Wastes that settle slowly may be centrifuged prior to filtration. 

7.5 Wet the filter with a small portion of the waste's or extraction 
mixture's liquid phase. Transfer the remaining material to the filter holder 
and apply vacuum or gentle pressure (lo-15 psi) until all liquid passei 
through the filter. Stop filtration when air or pressurizing gas moves 
through the membrane. If this point is not reached under vacuum or gent!e 
pressure, slowly increase the pressure in lo-psi increments to 75 psi. Halt 
filtration when liquid flow stops. This liquid will constitute part or all 
of the extract (refer to Section 7.16). The liquid should be refrigerated 
until time of analysis. 

NOTE: Oil samples or samples which contain oil are treated in exactly 
the same way as any other sample. The liquid portion of the sample is 
filtered and treated as part of the EP extract. If the liquid portion of 
the sample will not filter (this is usually the case with heavy ails or 
greases) it is carried through the EP extraction as a solid. 

7.6 Remove the solid phase and filter media and, while not allowing it 
to dry, weight to to.01 g. The wet weight of the residue is determined by 
calculating the weTght difference between the weight of the filters (Section 
7.1) and the weight of the solid phase and the filter media. 

7.7 The waste will be handled differently from this point on depending 
on whether it contains more of less than 0.5% solids. If the sample appears 
to have less than 0.5% solids, the percent solids will, be determined by the 
following procedure. 

7.7.1 Dry the filter and residue at 80' C until two successive 
weighings yield the same value. 

7.7.2 Calculate the percent solids using the following equation: 

weight of filtered _ tared weight 
solid and filters of filters 

x 100 = 5% solids 
initial weight of waste material 

NOTE: This procedure is only used tc determine whether the solid 
must be extracted or whether it can z discarded unextracted. It 
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7.8 
solid and 

is not used in calculating the amount of water or acid to use in 
the extraction step. Do not extract solid material that has been 
dried at 80' C. A new sample will have to be used for extraction’ 
if a percent solids determination is performed. 

If the solid comprises less than 0.5% of the waste, discard the 
proceed immediately to Section 7.17, treating the liquid phase as 

S-f the extra,,. 

7.9 The solid material obtained from Section 7.5 and all materials that 
do not contain'free liquids should be evaluated for particle size. If the, 
solid mater‘al has a surface area per gram of material equal to or greater 
than 3.1 cm 3 or passes through a 9.5mm (0.375in.) standard sieve, the 
operator should proceed to Section 7.11. If the surface area is smaller or 
the particle size larger than specified above, the solid material would be 
prepared for extraction by crushing, cutting or grinding the material So 
that it passes through a g.S-mm (D.375-in.) sieve or. if the material is in 
a single piece, by subjecting the material to the "Structural Integrity 
Procedure" described in Section 7.10. 

7.10 Structural Integrity Procedure (SIP): 

7.10.1 Cut a 3.3-cm-diameter by J.l-cm-long cylinder from the 
waste material. For wastes that have been treated using a fixation 
process, the waste may be cast in the form of a cylinder and allowed to 
cure for 30 days prior to testing. 

7.10.2 Place waste into sample holder and assemble the tester. 
Raise the hammer to its maximum height and drop. Repeat 14 additional 
times. 

7.10.3 Remove solid material from tester and scrape off any 
particles adhering to sample holder. Weigh the waste to the nearest 
0.01 g and transfer it to the Extractor. 

7.11 If the sample contains more than 0.5% solids, use the wet weight 
of the solid phase obtained in Section 7.6 for purposes of calculating the 
amount of liquid and acid to employ for extraction by using the following 
equation: 

w = Wf - Wt 

where: 

W = wet weight in grams of solid to be charged to extractor 

Wf = wet weight in grams of filtered solids and filter media 

Wt = weight in grams of tared filters. 
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If the waste does not contain any free liquids, 100 g of the material will 
be subjected to the extraction procedure. 

7.12 Place the appropriate amount of material (refer to Section 7.11) 
into the extractor and add 16 times its weight of deionized water. 

7.13 After the solid material and deionized water are placed in the 
extractor, the operator should begin agitation and measure the pH of the 
solution in the extractor. If the pH is greater than 5.0, the pH of the 
solution should be decreased to 5.0 + 0.2 by adding 0.5 N acetic acid. If 
the pH is equal to or less than 5.D,-no acetic acid should be added. The pH 
of the solution should be monitored, as described below, during the course of 
the extraction and, if the pH rises above 5.2, 0.5 N acetic acid should be 
added to bring the pH down to 5.0 + 0.2. However, in no event shall the 
aggregate amount of acid added to The solution exceed 4 ml of acid per gram 
of solid. The mixture should be agitated for 24 hr and maintained at 
20'-40' C (68'-104' F) during this time. It is recommended that the operator 
monitor and adjust the pH during the course of the extraction with a device 
such as the Type 45-A pH Controller manufactured by Chemtrix, Inc., Hills- 
boro, Oregon 97123 or its equivalent, in conjunction with a metering pump 
and reservoir of 0.5 N acetic acid. If such a system is not available, the 
following manual procedure shall be employed. 

7.13.1 A pH meter should be calibrated in accordance with the 
manufacturer's specifications. 

7.13.2 The pH of the solution should be checked and, if necessary, 
0.5 N acetic acid should,be manually added to the extractor until the pH 
reaches 5.0 + 0.2. The pH of the solution should be adjusted at 15-, 
30-, and 60-Kin intervals, moving to the next longer interval if the pH 
does not have to be adjusted more than 0.5 pH units. 

7.13.3 The adjustment procedure should be continued for at least 6 hr. 

7.13.4 If, at the end of the 24-hr extraction period, the pH of the 
solution is not below 5.2 and the maximum amount of acid (4 ml per gram 
of solids) has not been added, the pH should be adjusted to 5.0 + 0.2 
and the extraction continued for an additional 4 hr, during which the 
pH should be adjusted at 1-hr intervals. 

7.14 At the end of the extraction period., deionized water should 
be added to the extractor in an amount determined by the following equation: 

where: 

V = (20)(W) - 16(W) - A 

V = ml deionized water to be added 

W = weight in g of solid charged to extractor 

A = ml of 0.5 N acetic acid added during extraction 
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7.15 The material in the extractor should be separated into its compo- 
nent liquid and solid phases in the following manner. 

7.15.1 Allow slurries to stand to permit the solid phase to settle 
(wastes that are slow to settle may be centrifuged prior to filtration) 
and set up the filter apparatus (,refer to Section 4.3 and 4.4). 

7.15.2 Wet the filter with a small portion of the waste's or 
extraction mixture's liquid phase. Transfer the remaining material to 
the filter holder and apply vacuum or gentle pressure (lo-15 psi) until 
all liquid passes through the filter. Stop filtration when air or 
pressurizing gas moves through the membrane. If this point iS not 
reached under vacuum or.gentle pressure, slowly increase the pressure in 
10 psi increments to 75 psi. Halt filtration when liquid flow Stops. 

7.16 The liquids resulting from Sections 7.5 and 7.15 should be combined. 
This combined liquid (or the waste itself if it has less than 0.5% solids, as 
noted in Section 7.8) is the extract and should be analyzed for the presence 
of any of the contaminants specified in Table 1 using the Analytical PrOC2- 
dures designated in Section 7.17. 

7.17 The extract will be prepared and analyzed according to the analyt- 
ical methods specified in Table 1. All of these analytical methods are 

i 
included in this manual. The method of standard addition will be employed 
for all metal analyses. 

NCYE: If the EP extract includes two phases, concentration of contaminants 
is determined by using a simple weighted average. For example: An EP 
extract contains 50 ml of oil and 1,000 ml of an aqueous phase. Contaminant 
concentrations are determined for each phase. The final contamination 
concentration is taken to be 

(50)(contaminant cont. in oil) t (l,UOO)(contaminant cont. of aqueous phase) 
1,050 1,050 

7.18 The extract concentrations are compared to the maximum contamina- 
tion limits listed in Table 1. If the extract concentrations are equal to or 
greater than the respective values, then the waste is considered to be EP 
toxic.1 

c. 
, 

J 

IChromium concentrations have to be interpreted differently. A Waste 
containing chromium will be determined to be EP toxic if (1) the waste extract 
has an initial pH of less than 7 and contains more than 5 mg/l of hexavalent 
cnromium in the resulting extract, or (2) the waste extract has an initial 
pH greater than 7 and a final pH greater than 7 and contains more than 5 m9/1 
of nexavalent chromium in the extract, or (3) the waste extract has an 
initial pH greater than 7 and a final pH less than 7 and contains more than 
5 mg/l of total chromium, unless the chromium is trivalent. To determine 
whether the chromium is trivalent, the sample must be processed according to 
ar alkaline digestion method (Method 3060) and analyzed for hexavalent 
ccromium (Methods 7195, 7196, or 7197). 



14 / CHARACTERISTICS - EP Toxicity; MOBILITY 

8.0 Quality Control 

8.1 All quality control data should be maintained and available for 
easy reference or inspection. 

8.2 Employ a minimum of one blank per sample batch to determine if 
contamination or any memory effects are occurring. 

8.3 All quality control measures suggested in the referenced analytical 
methods should be followed. 

! - 
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METHOD 9010 

TOTAL AND AMttikBLE CYANIDE . 

1.0 Scope and Application 

!.I Method 9010 is used to determine the concentration of inoryanic 
cyan;;.; in a waste or leachate. The method detects inorganic cyanides that 
arepresent ds either simple soluble salts or complex radicals. It is used 
to determine values for both total cyanide and cyanide anenable to chlorination. 
Method 9010 does not determine the "reactive" cyanide content of wastes 
containing Iron-cyanide complexes. (As an alternative to Method 9010, 
autoanalyzers may be used for cyaniae analysis if the analyst adheres to the 
precautions and quality control requirements specifies in this method.) 

2.0 Summary of Method, 

2.1 Tne waste is divided into two parts. One is chlorinated to destroy 
susceptible complexes. Each part is then distilled to remove interferences 
ana analyzed for cyanide. The fraction amenable to chlorination is aetermined 
bj the difference in Values. 

2.2 Uuring the aistillation. cyanide is converted to hydrogen cyanide 
vaoor. wnich is trapped in a scrubber containing sodium hydroxide solution. 
Th; s 

3.0 

with 

solution is then titrated with stanaard siiver nltraie. 

Interferences 

3.1 Sulfides interfere with the titration. They may be 
cadmium. 

prec(pitated 

3.2 Fatty acids form soaps under alkaline titration co?ditions and 
interfere. They may be extracted with a suitable solvent. 

3.3 Oxidizing agents may decompose the cyanide. They may be treated 
with ascorbic acid. 

3.4 Thiocyanate presence will interfere by distilling over in the 
procedure. This can be prevented by adding magnesium chloride. 

3.5 Aldehydes and ketones may convert cyanide to cyanohydrin under the 
acid distillation conditions. 

4.0 Apparatus and Materials 

4.1 Hicroburet, 5.0 ml, for titration. 

. . 
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2 ! "~S::LL:.NCOUS ANALYTICAL METHODS 

d.2 Flasks, conaenser, and tubing are needed as shown in Figure 1. The 
!?jili?: flask should be of l-Titer Size with inlet tube and prOviSiOn for a 
; ~raen~~~r. The gas absorber moj be a Fisher-Milligan scrubber. Asse,,ible as 
snohn rn Figure 1. 

5.0. Reaqents 

5.1 
;iml tared 

3.2 
in 100 ml 

5.3 
hydroxide 

5.4 

5.5 

3.6 

5.7 

5.8 

5.9 

ASTM Type II water (ASTM DlT93) or better quality: Water should be 
for impurittes. 

Calcium hypochlorite solution: 
of Type II water. 

'* Dissolve 5 g of hypochlorite. Ca(OCl)2, 

Sodium hydroxide solution (1.25 N): Dissolve 50 g of sodium 
(NaOH) in Type 11 water and dilute to 1 liter. 

Ascorbic acid: crystals. 

Potassiuln iodide-starch paper, 

Lead acetate paper. 

Cadmium carbonate (ponderad). 

Hexane. 

Acetic acid solution (1:9). 

3.1U Cont. H2SD4. 

5.11 Silver nitrate stdnaard solution (0.0192 fi): Dry 5 g AgN03 
crystdls to constant weiyht dt 40' C. Yeiyh out 3.2647 9 and dissolve in 
Type II water. Dilute 1000 ml (1 ml = 1 mg CN). 

5.12 Rhodanine indicator solution: Dissolve 20 mg p-dimethyl-anino- 
benzalrhodanine in ID0 ml acetone. 

5.13 Magnesium chloride solution: Weigh 510 g MgC12.6H20 into a 
1-liter volumetric flask. Dissolve ana bring to volume with Type II water. 

6.0 Sample Co\\ection, Preservation and Handling 

6.1 Al\ samples must have been collected using a sampling plan that 
ddaresses the COnSiOeratlOnS OlsCussed in Section One of this manual. 

6.2 Samples should be collectea in plastic or glass bottles of 1-liter 
size or larger. All bottles must be thoroughly cleaned and thoroughly rinsed 
to remove soluble materidls from contdlners. 

.! 
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Conncctmp Tubinp 

All,hn Condrnrrr 

Air lnlrr Tube 

Figure 1. Apparatus for cyanide distillation. 
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0.3 uxidizing agents such as chlorine decompose most cyanides. To 
:(I ,:r ,nr whether or~olzln~ agents afr present. test a drvp of the sample 
,.,::I c;r?:rl,,, ic::de-stdrih trrL paper; a blue color indicates the need for 
Lreoth:r'.i. Paa aScqrnlc acid a few crystals at a time until a drop of sample 

..;2ice5 RI) calor on the indicator paper. Then add an additional 0.6 g of 
~:cor;~i acid fur each liter of water. 

* 6.4 Samples nust be oreserved with 2 ml of 10 N sodium hydroxide per 
,l!tr sf sr:.ljlc (pti IS greater than or equal to 12) at the time of ColleCtiOn. 

0.5 samples should De refriyrrated at 4’ C when possible and analyred 
ts 5.~42 as gossitle. .:* 

7.1) Froceaure 

7.1 If interferences are know or suspected to be present, test and 
treat the SOpie as fOll01G. 

7.1.1 SulfioeG. If a Orop of the distillate on lead acetate test 
;ld;er inS:1cates the presence of sulfides, treat 25 ml more of the sample 
than the a#'ioIirit requirtd for the cy !nide determination with powdered 
c~J.~:J.T c3rvmdt.5. Yell& cadmium :dlfrde precipitates if the sample 
:i)ntdlns sjilfidk. Reqedt this operation until a drop of the treated 
sa.aJle solution 002s not aarken the lead acetate test paper. Filter the 
solution through d ary filter paper into a dry beaker, and from the 
filtrate, measure the sa.nple to use for analysis. Avoid a large excess 
of caalllum ana a long contact time in order to minimize a loss by 
cu,"illeration or occlusion of cyanide on the precipitated material. 
Sulfides Should Dr re:novtd prior to preservation with sodium hydroxide. 

PH 
aci 

7.1.2 Fatty acids: Acidify the sample with acetic acid (1:Y) to 
6.0 tv 7.0. CAUTION: Toxic hydroyen cyanide can be .generated in an 

C solution. This operation must be performed in the hood and the 
sample left there until it can be made alkaline again after the extraction 
has been performed. Then extract *ith isooctanc, hexane, or chloroform 
[preference in order listed) with a solvent volume equal to 20% of the 
sample volume. One extraction is usualy adequate to reduce the fatty 
acids belo, the Interference level. Avoid multiple extractions or a 
long contact time at low pH in order to keep the loss of HCN at a 
iminimum. Uhen the extrdction is completed, immediately raise the ph Of 
the sample to above 12 with NdOH solution. 

7.1.3 Uxidiziny aljents: lest a drop of the sample with potassium 
iodide-StdrCh test paper (kl-starch paper). A blue color indicates the 
need for trtdtment. Add ascorbic acid a fed crystdls at a time until a 
drop of sdmple produces no cotor on the indicator pdper. Then add dfl 
adaYtiond1 0.6 g Of dscorbic dcid for each liter of sample volume. 
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7.2 Chlorination of a sample aliquot 

7.2.1 lake a WO-ml sample aliquot or a sample volume diluted to 
500 ml. Add calcium hypochlorite solution dropwise while agitating and 
maintaining the pH between 11 and 12 with sodium hyaroxide solution 
(1.25 N). CAUTION: The initial reaction product of alkaline chlorina- 
tion is the very to*ic gas cyanogen chloride; therefore, this reaction 

' should be performed in a hood. For convenience, the sample may be 
agitated in a I-liter beaher by a magnetic stirring device. 

7.2.2 lest for residual chlorine with Kl-starch paper and maintain 
this excess for 1 hr. continuing'bgitation. A distinct blue color'on 
the test paper indicates a sufficient chlorine level. If necessary, aad 
additional hypochlorite solution. . 

7.2.3 After 1 hr. add 0.5-g portions of ascorbic acid until 
Kl-starch paper shotis no residual chlorine. Add an additional 0.5 g of 
ascorbic acid to ensure the presence of excess reducing agent. 

7.3 Take the aliquot treated in Section 7.2 plus either a second SOO-ml 
aliquot of the untreated sample,or an untreated aliquot diluted to 500 ml in 

. 

the 1-liter boiling flask and separately distil1 as follo.6. 

7.3.1 Aad 50 ml of sodium hyaroxide (1.25 N) to the absorbing tube 
and dilute if necessary with Type II water to obtain an adequate depth 
of liquid in the absorber. connect the boiling fldSk, condenser, . 
absorber, and trap in the train. 

7.3.2 Start a sloti stream of air entering the boiling flask by 
adjusting the vacuum source. Adjust the vacuum so that approximately 
one bubble of air per second enters the boiling flask through the air 
inlet tube. CAUTIOII: The bubble rate will not remain constant after 
the reagents have been added ana while heat is being applied to the 
flask. The air rate must therefore occasionally be adJuSted to prevent 
the solution in the boiling flask from backing up into the air inlet 
tube. 

7.3.3 Slowly add 25 ml cont. sulfuric acid through the air inlet 
tube. Rfnse the tube with Type II water and allow the air flow to mix 
the flask contents for 3 min. Pour 20 ml of magnesium chloride Solution 
into the air inlet and wash do*n with a stream of water. 

7.3.4 Heat the solution to boiling, taking care to prevent the 
solution from Dacking up into and overflowing from the air inlet tube. 
Reflux for 1 hr. Turn off the heat and continue the airflow for at 
least 15 min. After cooling the boiling flask, aisconnect the absorber 
and close off the vacuum source. 
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7.3.5 Drain the solution from the absorber into a 250-ml volumetric 
flask and bring up to vclw~c with Type II water washings from the 
aDsorber tube. 

7.4 Titration 

7.4.1 Add the solution or an aliquot diluted to 250 ml to a 5DD-ml 
erlenmeyer flask. Add IO-12 drops rhoaanine indicator, 

7.4.2 Titrate with standard silver nitrate to the first change in 
calor from yellow in brownish-pink. Titrate a Type II water blank 
the same amount of sodium hydroxioe'dnd inaicator as in Ihe sample. 

using 

7.4.3 The analyst should familiarire himself with the end point of 
the titration and the amount of indicator to be used before actually 
titrating the samples. A 5- or 10-m) microburet may be conveniently 
used to obtain precise titration. 

7.5 Titrate a blank using Type II water in an identical manner. 

7.6 Calculation: 

1. CN, mg/ 1 = - ;J-&-~-$~;~,- 250 
* 'ml of' .a1 iquZ fi%Fat-Fd 

where: 

A'= volume of Agh03 for titration of sample. 

5 = volume of PgNO3 for titration of blank. 

2. Cyanide amenable to chlorination: 

CN. mg/l = C - 0 

where: 

C = mg/l total cyanide in unchlorindted aliquot 

0 - mg/l total cyanide in chlorinated aliquot 

7.7 Duplicates, spikea standards, and check standards should be routinely 
analyted. 

8.0 Ouality Control - -------. 

8.1 All quality control adtd should be maintained and available for 
easy reference or inspection. 
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.N-#.&.~;~~~d, APPENDIX x11 
: SPECIMEN OF NBS STANDARDS/CONTROL 

USED BY COMMERCIAL TESTING LABS 

phntnl @mill af j2kutdarrt5 ‘. 

Standard Reference Material 1633a 

Trace Elements in Coal Fly Ash 

This Standard Reference Material (SRM) is intended for USC in the cvaluatioo of analytical methods for the detcrmina- 
tion of constituent clcments in coal fly ash or matcriah with a similar matrix. 

SRM 1633a is a fly ash that was sieved through a No. 170 sieve with a nominal sieve opening of 90 pm. 

Certified Values of Constituent Elements: The certiried values for the constituent elements are shown in Table I. The 
analytical techniques used and the analysts are given in Table 3. The c.crxi&d values are based on results obtained by 

i’ 

rekm~e methods of known accuracy or from two pr more independent, reliable analytical methods. Nonarfiiied 
values are given for information only in Table 2. 

Notice and Warnings to Users: Thii certification is invalid 5 yews from date of purchase of the SRM. Thcconslituents 
ccrtdled or anaiyred are revrewed periodically and may be updated to mflcct improved measurement. Updated 
certificates will be made available upon request. 

w This material should be dried to a constant weight before using. Recommended proccdurcs for drying art: (I) 
Vacuum drying for 24 hours at ambient temperature using a cold trap at or below -50 D C and a prctsur~ not greater 
than 30 Pa (0.2 mm Hg); (2) drying for 2 hours in an oven at 105 O C, (3) drying in a dessicator over PIOJ or MgK101. 
Samples of the dried material weighing at least 250.mg should be used for analysis. When not in use the material should 
be kept in a tightly sealed bottle. 

Source and Preparation of Material: The fly ash material was supplied by a coal fired power plant and is a product of 
Pennsylvania and West Virginia coals. It was selected as a typical fly ash and is not intended as a tly ash from a specific 
coal or combustion process. The material was sieved and blended for 2 hours in a Vee blender. The material ~a( then 
removed and placed in a series of bulk containers from which specific samples were taken for homogeneity testing and 
certification analysis. Twelve bottles were selected for the homogeneity test. Samples from each bottle wereanalyccd for 
cobalt, chromium, curopium, iron. scandium. and thorium using nondcs:mctivc neutron activation analysis. The 
observed standard deviations for both 50 and 250 mg sample sizes wcrc consistent with counting statistics. indicating that 
the fly ash is homogeneous within C 5% (relative) based on these elements. The homogeneity testing and cmification 
analyses were performed in the NBS Center for Analytical Chemistry. 

The overall direction and coordination of the analytical measurcmcnts leading to the initial cxxnification Were performed 
in the Ccnter for Analytical Chemistry under the chairmanship of L.A. Machlan. 

The technical and suppon aspects involved in the preparation, certification, and issuance of this Standard Reference 
Material were coordinated through the Office of Standard Reference Materials by W.P. Reed and T.E. Gills. 

Gaithcrsburg. MD 20899 
January 5. 1985 
(Revision of certificate 
dated April IX. 1979) 

(over) 

sta~ky D. Rasberry. Chief 
office of Standard Reference Materials 
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Table I. Certified Values of Constituent Elements 

Major Content 
Constituents wt. Percent 

Aluminum 14.3 kl.0’ 21.0 
Iron 9.4 20.1 1’3,” 
Potassium 1.88tO.06 I.‘=~ 
Silicon 228 k0.8 e-%-7’ 
Calcium 1.11+0.01 I.55 

Minor CO”tC”t 
Constituent3 wt. Percent 

Magnesium 0.455 k 0.010 0 .-L5 
Sodium 0.17 * 0.01 o,zI, 

Tract Constituents 

Element Content Lug/g Element Coatent UK/“. 

Antimony 6.8 k 0.4 Rubidium 131 If 2 
Arsenic 14s ?I5 Selenium 10.3 f 0.6 
Cadmium l.oof 0.1s Strontium 830 lr 30 
Chromium 196 fb Thorium 24.7 2 0.3 
Copper 118 f3 Thallium 5.7 2 0.2 
Manganese 179 k8 Uranium 10.2 5 0.1 
Mercury O.lbk 0.01 Vanadium 297 2 6 
Nickel 127 C4 zinc 220 2 IO 
Lead 724 + 0.4 
hc uneruintis of the emiticd Y~YCI arc based on judgment *a* repfmmt an emluuion 01 the conhid 
dlcns of mnhd impmcisios possible syncmads erron smon( mnhodr aad musill wirbiticy for vrnpia 
al 2SGrng or mmc. (No l tempt wu made 10 daiw exam nminical musw of impmcision bcaw several 
methods were invalved in the dnamination of mm comitucnu). 

Supplemental Information 

Note: The following values arc “or ccniticd because they are nut based on the results of either P refecrence IC-\:I::! or 
of two or more independent methods. These values arc included for information only. 

Table 2 Noncertified Values for Constituent Elements 

ElC”lC”t 

Barium 
Titanium 
Sulfur 

Content 

wt. Percent 

0.15 
\,3& 0.8 

0.18 

Element 

Beryllium 
Cclium 
Cobalt 
Caium 
Europium 
Gallium 
Hafnium 
MOl@kIlUlll 
Scandium 

12 
I80 
46 
II 
4 

58 
8 

29 
40 

SRM 1633a 
Page 2 
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Table 3. Analytical Methods Used for Certified Constituent Elemcnuj 

Method/ 
Element A B C D E F G H I 

I 
Aluminum I-1 I I I I 1.1 

Antimonv 1.1 I I 1.1 I I 

1 Arsenic I ’ I I-I I I I I I I 
Cadmium I *-- 

Calcium 

Chromium . 

CODD.3 . 

Iron - I * I * 
Lead . 

Magnesium . 

M*Ilg*IlCSC 

M.XCWV 
. 

I Nickel 

Potassium 

Rubidium 

Selenium 

. 

I Silicon 

Analytical Methods 

A. Atomic Absorption Spectrometry or Flame Emission Spectrometry 
B. Isotope Dilution Mass Spectrometry 
C. Neutron Activation Analysis 

D. Polarography 
E. X-ray Fluorescence Spectromctry 
F. Inductively-Coupled Plasma Emission Spcctromctry 
G. Isotope Dilution Spark Source Mass Spectrometry 
H. Gravimcrry 
I. Direct Coupled Plasma Emission Spcctromctry 

SRM 1633a 
Page 3 (ClVCd 
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Merfifitnfe af &nlg~ie 
Standard Reference Materials 

2689, 2690, and 2691 
Coal Fly Ashes 

These Scdard Reference Mat&Is (SRM’s) am imandai for USC in the evaluation of analytical methods aud techniques used 
for the cJassi6cation of coal fly ash and for the dmmniwion of constiaum elamants in coal fly ash or matariak with a similar 
~.EachSRMwnrisuof3hermcciallyKalcdgkuviplsofflyash,which~kens~ckuifiedandblendedtoa 
high degree of homogeneity. Each viaf conmins 10 grams of tly ash. 

The rhra diEereat fly ash SRM’s were chosen to covnr a wide range of chemical and mineralogical compositions. The ccrti- 
fied vahta for the cots&tent elemnnts and the sieve residue am givea in Table 1. For mar convunience, gravimetric mul- 
tipliers for the convmion of tha wrotiutatt ckmeua to oxides am given in Table 2. The cardfied vahta, except for the sieve 
raidua, are based on measuranenw usiag two or more idepada reliable amlyticd techniques and/or methods. Nonccrti- 
Ed vahta (ii paranthaa), also givm in Table 1, am provided for htfonuation only. 

The cad&i vsb for tha rcaidw mtainad on a No.325 U.S. Smndatd Sic is thmruticaJ and is based on an idaal 45 
~sicve.‘ibcmeorrdai~~~CalEUIO(Cdfmmalean-squprastnighcliDc6uofmeaavaluoofmauuremenu 
mwh using NBS calii sieve3 witi *wrage sieve Opatia~ of 42.s. 44.0.45.5.46.0.46.5. and 47.0 mictumaters. The 
caidw data wm obmhud hm rests pertkatd in accordsace with ASTM C430, Slaadprd Test Method for Fmeuess of 
HydmulicCamattbythc4Smfmommm (No.32S)Siwe,asspe&aJhtASTMC311.StaudardMethodsofSamplingand 
Testing Fly Ash or Natural Pvzzdam for .&a as MJnaraJ Admixmm in PortJaod Cmtmu Concrete. 

Informadonontherourasoftbc~y~ashaa~onof~~~wuhich~cywender*edisgiveniaTablc3. 
Alistofannlydcattechniquoandm~thacwcrr~forrhe~cadonofthcseSRM’s~givcninT~le4. 

Notice to Usem: Thae SRWs arc sold hrdivbiuaUy rather than in sets; however, only one Certiticata of Analysis is provided. 
Thercforc,rheusam~kcarcfuimusarhcdmspsificm~SRMkiagrusl. 

Use: Before canificatioa, tham tly ash SRM’s wara homogcuiznd and hermuticaUy sealed in glass vials to minimise any 
changes in chamicai and physical propurtia. Themfore. tha SRM’s should ba used as mceivnd. 

To~a~vialntainingtheSRM,maLeadccpxluchwithafilc1/4iachfrom~abonom.Invenrheviaiandpmsa 
red hot 6Jc point against the scratch to cause a circumferetttial crack to form. 

The composition and specific surface area of tha ash majj change ott being exposed to the moisture in the air. Therefore, the 
SRM should be used as soon ss possible afta opaning. If not used immediataly. ic should be pmtecad from atmosphctic 
moistam by uatufcrring the opened SRM to a stoppered vial and storing in a daiccator. 

The prepamtion of mesa SRM’s and the coordination of cmprative technical measuremmtb leading to certificmion worn par- 
formed under the diructiott of Howard hf. Kanara with assistance from Charla M. Wii, both of Construction Technology 
Iaboratoria, Portland Cmttent Association, Shohie, IRhtois. 

The oved direction and coordination of the analytical mutwmncnu leading to certification were pmformed in the lnor- 
gauic AnaJyticaJ R-h Division, J.R. D&IX. Chief. 

The sutirdcal snaiysis of the certification data was parformed by R.C. Paule of the NBS National Measuremcnr Labomtory. 

The techuicaJ and suppon aspects involved in the preparation, certification, and issuance of these Standard Reference 
Materials were coordinated through the Office of Standard Reference Matmials by T.E. Gills. 

Gaithersburg. MD 20899 
October 1. 1986 90 

Stanley D. Rasbnrty. Chief 
Office of Staadard Reference Materials 
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Table 1 

Cacihd Concamations of CO~IS~~NCIU Elctttents in SRWs 2689.2690, and 2691 

_ _ _ _ _ _ _ w4pht pe-t- - - - - - - 

collslitumt Element 2689 - 0 2690 2691 

Alominllm 12.94 * 0.21 12.35 k 0.28 9.81 k 0.39 
Baiium (0.0s) (0.W (0.W 
calciom 2.18 r 0.06 5.71 * 0.13 18.45 f 0.32 
lnm ma 9.32 * 0.06 3.57 i 0.06 4.42 f 0.03 
popssilrm 2.20 k 0.03 1.04 l 0.04 0.34 f 0.01 
Magtlcsium 0.61 k 0.05 1.53 * 0.05. 3.12 f 0.08 

(0.03) (0.03) (0.Q 
sodium 0.25 * 0.03 0.24 zt 0.02 1.09 * 0.05 
PhO!@OtlU 0.10 * 0.01 0.52 f 0.01 0.51 * 0.02 
sillam 24.06 k 0.08 25.85 * 0.17 16.83 f 0.12 
SUlk __-_- 0.15 f 0.01 0.83 * 0.05 
StiUttl wm wol Km 
Tltiutn 0.75 * 0.01 0.52 f: 0.01 0.90 f 0.02 
LOX 750 ‘C ** (1.76) (0.53) am 
Moicmrc (110 ‘C) l * (0.14) (0.12) (0.08) 
Residue 00 a 45 jutt 
elmroformcd sieve 
(ASTM Standad Test 
l&thod C430g3) 12.8 f 1.2 8.0 k 0.7 10.5 f 0.5 

nn~bapnrxdn(*o8mcdmd -0fmc~~lmlcnodawivd~~ 
bbularicndecjld~ltbmmum~ *ruosdmddevim&moftbs-nl~. 

-tCrsaduy.*~LSTMS&dT~MdOdOll-8% 

Table 2 

Mukiplien For Ektnmt to Oxide Conversion. 

Coosticumt !3emmt Oxide Souqht 

Alumiooto -‘GO, 
Batillm Baa 
ccaloiom c?O 
lnm Wh 
Pomwium W 
Magnesium MgO 
mganesc 
mgnnne EL 
tidiuot N&O 
Phosphorus WY 
siicon SiOI 
saontiom St-0 
Sulfur SOY 
Titiom TiO, 

Multiplier 

1.88946 
1.11650 
1.39919 
1.42974 
1.20459 
1.65807 
1.29122 
1.43684 
1.34798 
2.29137 
2.13931 
1.18261 
2.49714 
1 A6806 

SRh4 2689. 2690 & 2691 
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Source and Preparation of Materi&: The fly ashes were obtained from three different coal-fired power plants and are pro- 
ducts of western Kentucky. Colorado, and Wyoming coals. Each fly arh was size classified and particles greater rhao JS 
micromcccn were removed. Time coarse particles. mostly quartz and partially burned fragments, were ground to pass a 
No. 100 (150 q) sieve. This materA was blended back into the rest of the tly ash, aad the entire lot of material was homo- 
gmized io a ribbon blender, hcrmcticaily scaled in glass vials. and packaged. The packaging operations were performed in 
a temperaom and humidity comrolled atmosphere to mioimize moismre differmcn bawem samples. 

Homogeneity Testing: Saatificd random xiccdons of vials from each SRM were made and analyzcd using x-ray 
tluorescmce. Each vial war opened and two aiiquou of 0.5 g were taken and fused into glass discs for Xw analyses. The 
duplicaus of ti individual vials made a total of 50 discs for each By ash. For the Clemens measured (Al, Ca, Fe, and Si), 
oo evi&nce of sample hetcrogeneiry was observed. 

TABLE 3 

SUPPLEMENTAL INFORMATION ON THE SOURCE AND DESCRIPTION OF SRM’s 2689.2690. and 2691 

SOlUtX: 

Power Plant: 

ASTM C618 Cl%% 

cod Mine: 

cod Type: 

Mania Raourus, Inc. 
Sm At~tonio, Texas 78216 

Gsot& Power co. 
Plant Bawm 
Stilaboro, Ga. 

F 

watern Kmmcky 
CollDisttictsa&9 

Ih&ous (Moderate 

Pozzolaoic Intemuiolul 
Mercer Island. Wash. 

colorsdo-ute Qccuic (, i 
. 

Assommoo 
cmlg Stafion 
cralg. Cola. 

F 

Tnppr Mining. Inc. 
Craig. Cola. 

Sub-bituminous 
(Low Sulfur) 

Typical Properriu of Coals Burned to Produce SRM’s 

Bar/lb: 12,axl 9.700 

Moisture, wt. %: 6 16.5 

Ash, wt. 96: 12 5.3 

sulliir, wt. 7% 1.5 0.3 

Kansas City Power & Light Co. 
98040 Kansas City, MO. 64141 

KCP and L’~ 
ha0 power Station 
lam, MO. 

C 

Arco Black Thunder Mine 
Powder River Basin 
Gillette, Wyo. 

Sub-bituminous 
(Low Sulfur) 

8.800 

27.6 

4.8 

0.3 

SRM 2689. 2690 & 2691 
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TABLE 4 

Analytical Techaiquu and Methods Used io dte Certiiication of 
SRM’s 2689.2690, and 2691 

Tiium l l l 

Lass oli Igtdtion . 

Moisture 

Sieve Residue 
(No.325 sieve) 

l 

* 

ANALYTICAL TECHNIQUES AND METHODS 

A. Atomic Absqtion 
B. Dii Current Plasma Emission Specaumeay 
C. Grmimmy 
D. Neutron Activation Analysis 
E. Titrimetty (Colotimetry~ 
F. X-Ray Fluoracmca Spcctrometry 
G. ASTM Test Method C43G-83 for Fiieness of Hydraulic Cement by the 45-micrometer (No.325). Sieve as 

specified in ASTM C3 11 .Staodard Methods of Sampling and Testing Fly Ash or NaNrd Poaolans for Use as 
an Admixm in Ponland Cement Concrete. 

Analysts-NBS Center for Analytical Chemistry 

1. E. S. Bay 
2. D. A. Becker 
3. M. S. Epstein 

Analysts-Construction Technology laboratories. Portland Cement Association. Skokie. Illinois 

1. Robert Crow 
2. Howard M. Kanare 
3. Hugh Love 
4. Alyssa H. M&n 
5. Charles M. Wilk 
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Standard Reference Material 1645 

River Sediment 

This Standard Reference Material is intended for use In the calibration of methods used in the analysis of river 
sediment and materiais with similar matrices. The material has been freeze dried and is now essentially free 
from moisture. The certified values given below are based on mcasuremcnts made on a dried sample of at least 
100 mg for the trace clcmcnts and for a I-g sample for iron and chromium. 

The values are based on the results of 6 t! 30 determinations by the anaiytical techniques indicated. The 
cuimared uncertainties include those due IO sample variation, possible method differences, and errors of 
measurement (see Preparation and ,Analysis). 
,, __.i___ J.....- - . . ..-. _ _ -_.,_.. ----- --- . 

Element M/K 

Cadmium’ d ” 10.2 + 1.5 

Coppe? c 109 + 19 

Leadb d 714 k 28 

Manganed ’ 785 k97 

Mercury’ ’ I.1 r 0.5 

Nicke!b d 45.8 ? 2.9 

Thalliumb 1.44 r 0.07 

Element Kg/g 

Thorium’ 

Umniumb 

Vanadium’ ’ 

zinc’ d 

1.62 + 0.22 

1.11 ?r .05 

23.5 t 6.9 

1720 f 169 
Weight % 

Chromiumb ’ 

Iron’ ’ 

2.96 2 0.28 

11.3 ? 1.2 

.- 

L Atomic Abroqlion Spcctrometry 

’ isotope Dilution Mats Sprnromny 

L Neu*ron Acliwion Andysir 

h Polarography 

The overall direction and coordination of the technical measurcmcnts leading to ceniftcation were performed 
under the chairmanship of J. K. Taylor. 

The technical and support aspects involved in the preparation, certification, and issuance of this Standard 
Refercnce Material were coordinated through the Office of Standard Reference Materials by W. P. Reed. 

Washington, D.C. 20234 
November 16, 1978 

(over) 

J. Paul Cali, Chief 
Oft& of Standard Reference Materials 
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‘Instmction.5 for use 

The mmrid, as rwcived, i asmtially free from mob. Ia caw of ap- to moisture, it should be dried 
without heat to a constant weight before using. Recommmdai proaduru for drying are: (I) drying for 24 
hams using a cold trap at or below -50 *C and a prmmrc nw~thaaMPa(0.2mmHg);(2)dryingina 
daiccator over PzOr oc M&IO&., When not ia UC, tb~ m should bc kept in a tightly tied bottle and 
StOPEd in a Cooi, &ark phC0. 

Mat&d of this kind is intrinsically heterogeneous. Consequmtly, theanalyst should mdavor to minim& any 
segregation by thoroughly mixing the contam of the bottle byithaki@and rolling beforecacb use. Inaddition, 
when taking a portion for analysis, the analyst should strive to rem& ti rqw&&iv~ a sample as possible. 

Preparation and Analysis 

This SRM wzu przparcd f;sm mat&d drcdgcd from ‘die bottom of tb$ XI&M iiarbor Canal near Gary. 
Indiana. This material w &screened to removeforcignabjcc~,frcczdried,and sieved topas.saNo. 80 (18Oqn) 
screen This material was thoroughly mixed in a V-blender, bottled, and sequentially nm~bcrcd. The material 
has ban mdiation-storilizcd to minimizc dtcmtion from biological activity. 

Randomly sehxtcd bottles were used for the anaiytial txuasurenums. P.achady8t examined at least 6 bottles, 
some ofthcmmcasuringrcpiicatcsamplmfmmcachbottlc. Nocorrdstionararfoundbeiwknm~~valua 
and the bottling sequence. The ~sults of mcawrcmc~ts on samples from different bottles did not appear to 
differ significantly from sub+tipla within the bottles. Accordingly. it k believed that all bottle of this SRM 

certitiution of Standard Reference Materials. except as noted bdow. Me~ur,mems and calibwions were 
made to reduce random and SyStcmatiC errors to no more than one pcxcent, r&tivc. The unartaintia Of the 
ccrtificdvalualistcdintbctsbleindudcttioseauociatcdwithbothm -mt and ma&al variability. They 
reprent the 95 percent toleraacc limits for an individual s&sample, ic., 95 percent ofthesub-samples from a 
unit of this SRM would be expected to have acomposition withintbcindicatcd mqe ofvalua 95 percent ofthe 
time. 

l-he following values have not been artitied because either they M not based on rmults of a reference method, 
or were not determined by two or more independent methods. l&y arc included for information only. 

All values arc in units of pg/g of sample, unless othenvisc imiicawxL 

Antimony (51) Potassium (1.2 YR %I 

Anwic (as) sepndlmn (2) 

Cobalt (8) i SOdiUm (0.55 wt %) 

Lanthanum (9) 1 

‘- 

__ _,__L. 
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The values listed below are based on mcasurcmcnts made in one laboratory, and arc given for information only. 
While no rmson &m to suspect systematic bias in these numbers, no attempt was made to evaluate such bias 
attributable to either the method or the laboratory. The method used forcachse: of measurcme?.ts is also listed. 
The uncertainties indicated arc two times the standard deviation of the mczn. 

Kjeldahl Nitrogen (0.0797% i 0.0048) 

Total Phosphorus (.OSi% t .0014l 

Loss on Ignition (800 “C) (10.72% t .28) 

Oil and Grease (Freon) (1.71% .i .26) 

Chemical Oxygen Demand (Dicbromate) (149.4ol mg; kg k 9.doO) 

The methods used are: 

Total Phosphorus - ASTM Method E-350. . 
Chemical Oxygen Demand (Dichroinate) - Standard Methods for the E.ramination of Water and W&c 
Water, 14th Edition (1975). Section 508, page 550. 
Oil and Grease (Freon II3 Extraction) -&. Section 502. page 518. 

The following values arc not ccnitied, but arc given to describe the matri??of the mareriaf: SiO2 - 5176 
MgO - 4%; Al203 - 4%; CaO - 4%. 

H. L. Rook supervised collection, freeze drying, and homogeniration of the SR,M. The following members of 
the staff of the NBS Center for Analytical Chemistry performed the certification inasurem~nts: T. J. Brady; 
E. R. Deardoff: L. P. Dunstan: M. S. Epstein; R. Fiiby; M. Gallorini; E. L. Gamer; T. E. Gills; J. W. Gramlich; 
R. R. Greenberg, S. H. Harrison: G. J. Lutz: L. A. Machlan; E. J. Maienthal; T. C. bins; H. L. Rook; T. A. 
Rush; and W. P. Schmidt. 

The development work, prcaeding the certification of the SRM. was supported by tbe Environmental 
Protection Agency under an Interagency Agreement. 
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